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ABSTRACT
Analysis of the level of mercury contamination within the sediments 
and fish associated food chain of Lake Charles, Louisiana, an area located 
within the Calcasieu River system, were assessed. Sediment levels were found 
to be slightly elevated (0.33pg Hg/g) from natural background levels (0.20 pg 
Hg/g). Levels found within the fish of the region were also found to be slightly 
elevated (0.287 pg Hg/g) from natural levels. This is below the hazardous level 
designated by the Food and Drug Administration (0.50 pg Hg/g).
The statistical analysis of the pathway of mercury through a food 
chain composed of eight different species was found to be strongly influenced 
by the factors of percent piscivory, a quantitative measure of trophic level, body 
length (measured as standard length) and condition factor, measured as 
weight/body length~3. The predictive model developed for evaluating the 
mercury level in an individual fish within Lake Charles is:
Hg = G0 +Gi (PER) + I32(CF) + G3(BL) + G4(BL2)
+ G5(BL3) + (36(CF*BL) + 87(CF*BL2) + Bs (CF*BL3)
where B0 = 7.740 X 10*1 
fll =6.525X10*3 
B2 = -4.637 X 102 
G4 = 2.066 X 10*3
B5 3 -1.42 X 10*3
86 -  5.466 X 101
87 a -1.536 X 10° 
B8 = 1.109 X 10*2
x
This model is highly predictive with a R-square value of 0.53 and 
indicates that mercury accumulation does not follow a perfectly linear trend as it 
increases through the food chain but is highly correlated with trophic position. 
Values for mercury within the sampled areas of Lake Charles are not sufficient 
to cause concern for possible health risks in the area.
xi
INTRODUCTION
The coastal zone of Louisiana is an area of high primary productivity and 
consists of lowland swamp, fresh, brackish, and saltwater marshes. This 
aquatic primary productivity has made this region one of the United States most 
successful producers of fisheries products. In 1982, 1.7 billion pounds of 
fisheries products including fish, shrimp, and crabs were caught in Louisiana.
The estimated value of this catch was 240 million dollars (Herke and Rogers 
1983-84).
Coastal Louisiana is also highly industrialized with the expansive 
waterways making it ideal for the import and export of numerous raw materials. 
Bountiful natural supplies of crude oil and natural gas in the area along with the 
import of oil from foreign sources has led to the founding of numerous 
petrochemical industries. This large industrial base has in turn led to the 
problem of widespread industrial pollution.
The introduction of large amounts of toxic chemicals into the environment 
has long been a major cause of concern in many areas of the world. The 
ecological and human disasters that occured in Minamata and Niigata, Japan in 
the 1960’s (Takizawa 1979) brought world-wide attention to this problem and 
specifically to the heavy metal mercury.
In Louisiana, one area in particular has been significantly impacted by 
heavy metal pollution. The Calcasieu Basin has been reported to have 
received considerable contamination from such heavy metals as zinc, 
chromium, copper, lead, cadmium, and mercury (Gosselink, et al., 1979). The 
levels of mercury found within the tissue of fish taken from this area was 
sufficiently high in 1970 that in September of that year, the Federal Water 
Quality Administration ruled that the section of the Calcasieu River immediately
1
2south of Lake Charles and all of Calcasieu Lake were seriously contaminated 
with mercury (D’ltri 1971). The state of Louisiana subsequently placed a health 
warning on fisheries products from this region and halted all interstate shipment 
of these fish. This restriction was not rescinded until 1975 when the average 
mercury levels dropped below 0.50 pg Hg/g within the edible portions of fish 
flesh, the value deemed safe by the Food and Drug Administration and the 
Environmental Protection Agency (NRC, 1978).
The Calcasieu Basin of Louisiana is located on the Chenier Plain found 
in the western portion of the state less than one hundred miles from the Texas 
border. The Chenier Plain consists of areas of the state not immediately 
dominated by the Mississippi River. It is charactrized by alternating sandy 
ridges, called Cheniers, and flat, silty plains.
The source of mercury into the Calcasieu water system was found to be 
PPG Industries located on Bayou d'lnde immediately south of Lake Charles 
(D’ltri 1971). On July 20, 1970, PPG  was dumping 26.5 pounds of mercury into 
the system per day. The company was able to halt all discharge of mercury by 
September of that year by using a temporary holding pond. Permanent 
treatment facilities were to hold total mercury discharge to 0.05 pounds/day.
The environmental chemistry of mercury is such that most of the mercury 
released into the system was incorporated into the sediments of the area rather 
than remaining in the water column. Due to the industrialized nature of the 
Calcasieu Basin and Ship Canal, however, dredging is necessary to maintain 
navigable channels. This provides periodic disturbance of the sediments that 
may contribute to the remobilization of some sediment-bound mercury where it 
might once again become a threat to human health.
The purpose of this study was to evaluate the presence of mercury within 
the food chain of the area, determine whether it is sufficient to warrant a
3concern for human health, determine by statistical analysis what factors are the 
most important in influencing the total mercury concentration within the fish of 
the area, and formulate a predictive model for the determination of mercury 
levels in fish taken from the lake. The factors chosen for investigation were:
1) Percent piscivory (PER), or the amount of fish in the diet of the test species -- 
this should be an approximate measure of trophic level and allow for the 
statistical determination of the importance of trophic level on mercury 
accumulation; 2) Body length (BL), measured as standard length; 3) Weight 
(WT); and 4) Condition Factor (CF)-- this is a measure of robustness or fatness 
and is calculated as WT/BL~3 (Carlander 1969). The determination of the exact 
exponential power is calculated through a simple linear regression of the log 
transformed factors of weight and body length and will be discussed fully later in 
this paper.
The choice of study area is an important point in the reliability of this 
study. The coastal zones of Louisiana, including the Calcasieu Basin, are 
estuarine in their characteristics. Estuarine systems can be characterized as 
upper, with salinities of 0.0 to 5.0 ppt; brackish, with salinities of 5.0 to 15.0 ppt; 
and saline with salinities of greater than 15.0 ppt. The typical inhabitants of the 
brackish and saline estuaries are not full time residents of the area and tend to 
use the estuary during only a portion of their life cycles. These areas are 
usually important as nursery grounds for the young with juvenile and immature 
individuals migrating out of the system into the Gulf of Mexico, and, in limited 
cases, returning to the estuary once sexually mature to spawn.
Julsharrm et al. (1982) states that organisms migrating between waters 
containing different levels of mercury will necessarily be in varying states of 
accumulation or elimination and that measurable mercury levels in these 
organisms will likely be poorly correlated with the factors that govern its
4accumulation. It, therefore, becomes manditory that the test site contain species 
that spend their entire life cycle within a single portion of the estuary. Few 
common species inhabiting the brackish and saline marshes spend their entire 
life cycles in the estuary while a number of species are capable of spending 
their entire lives within the upper estuary. In the Calcasieu Basin, the upper 
estuary begins in the vicinity of Prien Lake, but preliminary sampling showed 
sufficient numbers of the test species were not present, and further suitable 
sampling locations capable of providing adequate numbers of samples were 
not available until reaching Lake Charles. Due to its upper estuarine 
characteristics and populations of species necessary for adequate sampling,
Lake Charles was chosen as the test area for this study.
THE HISTORY AND USES OF MERCURY
Mercury has been used by man for over 3500 years with the oldest 
known specimen coming from an Egyptian tomb dating before the fifteenth 
century B.C. (Farber 1952). The ancient Greeks and Romans used it in 
religious ceremonies and, when mixed with saliva, as a treatment for many skin 
disorders (Engel 1967). The development of the Patio process for silver 
amalgamation in 1557 initiated the beginnings of the modern mercury industry 
of today. At the present time, there are over 3000 different uses for mercury 
(Nriagu 1979).
The unique physical properties of mercury have led to its widespread use 
in modern industry. The most unusual of these properties is its low melting 
point. Mercury is the only metal that exists as a liquid at room temperature. This 
quality has led to its use in thermometers and barometers. A list of selected 
physical and chemical properties is shown in Table 1.
5Table 1-* Important physical characteristics of mercury.
Atomic Weight 
Atomic Number 
Boiling Point 
Density 
Melting Point 
Vapor Pressure
200.59
80
357.25° C 
13.5 g/ml 
-38.89° C
260 mm Hg <g> 100° C 
330 mm Hg @ 400° C 
356.9 mm Hg @ 760° C
At the turn of the century, the major uses for mercury were for the 
amalgamation and recovery of silver and gold, but the importance of mercury in 
these procedures has dwindled. Presently, only two, the production of caustic 
soda and its use in the electrical industry, account for over 50% of the total 
mecury used (Nriagu 1979). Mercury is an important element in the electrical 
industry due to its low electrical resistivity. It is presently used in the production 
of such items as radios, computers, hearing aids, flourescent lamps, and arc 
lamps.
The most important use for mercury in terms of amounts used and 
amounts released into the environment is the chloralkali process. 
Approximately 65% of all chlorine production in the United States 
makes use of mercury cells (George 1977). The process forms both chlorine 
and sodium hydroxide by the following equations:
6electrolysis
NaCI(soln).................. Cl2(anode) + NaHgX(Cathode)
NaHgx— > NaOH + xHg +I/2H2
(Saito 1972).
Much of the input of mercury into the environment has come from losses 
of mercury from the mercury cells used in this procedure. The EPA projected a 
consumption of 481.6 X 106g for the chloralkali industry in 1985 (U.S. EPA 
1973). In the years prior to 1978, the losses of mercury through the chloralkali 
process averaged 150-250g per 1000g chlorine produced, but the 
modifications of existing plants and the introduction of a diaphram cell have 
substantially reduced the losses and also the demand for mercury (Nriagu 
1979).
The tragic environmental effects of the loss of mercury from this process 
began to become evident in Japan beginning in 1953. The appearance of a 
peculiar form of neurological disorder, later named Minamata disease, was 
characterized by difficulty in walking and hearing, inability to run, slurred 
speach, and other symptoms (Takizawa 1979). Although political and 
industrial forces covered up the cause of this bizarre disease for many years, by 
the late sixties it was apparent that the indiscriminent dumping of mercury into 
Minamata Bay by a local vinyl chloride plant was the cause.
7MERCURY IN SEDIMENTS
Most of the mercury that enters the environment through both natural and 
anthropogenic sources is inorganic. Natural mercury ores such as cinnabar 
(HgS), metacinnabar ( HgS-(HgS)8o(HgSe)2o ). and livingstone (HgSb4S8)
along with natural elemental mercury (Hg°) are the most common of the natural 
sources (Nriagu 1979) while elemental and mercuric chloride (HgC^) are the
most common anthropogenic or man-made inputs (D'ltri 1971).
The amount of mercury within estuarine sediments is determined by two 
factors, the amount naturally available within the watershed and the additional 
anthropogenic input. Estuaries are considered natural sinks for a large number 
of nutrients, minerals, and heavy metals. Mercury, due to its strong affinity for 
sediment clay particles and humic materials, is accumulated from estuarine 
waters by the underlying sediments.
Robin and Ottman (1976, 1978) determined the adsorption 
characteristics of mercury. They determined that the fixation of mercury onto 
clay particles was a rapid process with maximum values reached after only four 
hours. This rate was found to decrease as salinity increased from 0 to 20 ppt 
and as pH decreased. The desorption of mercury from clays was found to be 
small under all conditions but did increase slightly with an increase in salinity. 
Estimates for the percentage of mercury associated with particles range from 3 
to 98% (Fitzgerald 1979) although the more recent, and likely more correct, 
estimates are in the higher range.
A major characteristic of estuaries is that they are areas of broad mixing 
between fresh and salt waters. This area of mixing is accompanied by a 
reduced sediment carrying capacity. This results in a settling of much of the 
particulate load. The mercury attached to this load is subsequently
8accumulated within estuarine sediments. The pore water of these sediments 
usually contains 10 to 20% more mercury than does the overlying waters due to 
enrichment of dissolved organic matter along with its complexed soluble 
mercury (Lindberg, et al. 1975, Robin and Ottman 1976). Cranston (1976) 
found no significant correlation between organic matter and mercury, but found 
that a decrease in particle size resulted in an increase in mercury concentration. 
This indicates that mercury is strongly related to the total surface area within a 
sediment.
Once within the sediment, mercury may either be buried and isolated 
from the water column, or a portion of it may be mobilized depending on the 
sediment properties and whether or not the sediments are disturbed. Cranston 
(1976) found that the mobility of mercury was determined by five factors: type of 
sediment, grain size, oxidation conditions, bacterial activity, and organic matter 
content. There are four separate pathways for the remobilization of mercury 
from sediments. These are:
1) Diffusion into the water column -- Only about 0.01% of the total 
mercury load is lost by this process each year (Lindberg, et al. 1975).
2) Uptake by estuarine fauna and subsequent transport via detritus 
(Windom, et al. 1976). Lindberg, et al. (1975) found that plant detritus was more 
enriched in mercury than was the living tissue.
3) Resuspension of estuarine sediments by dredging and storm surges 
(Lindberg, et al. 1975).
4) The methylization of mercury by chemical and biological pathways 
(Lindberg, et al. 1975, Windom, et al. 1976).
9Many studies have shown that the majority of mercury within fish tissue is 
methylmercury (CH3Hg+) (Westoo 1967, Zitko, et al. 1971, Kamps, et al. 1972,
Lockhart, et al. 1972, Rodgers and Qadri 1982). These findings have indicated 
that a component of natural aquatic systems is capable of methylating inorganic 
mercury by chemical or biological means.
Jernelov (1968) reported that mercury was not methylated by fish, but 
that some species of bacteria (Pseudomonas spp.) normally found within the 
gut and mucus layer of fish could produce methylmercury from inorganic 
sources. Jensen and Jernelov (1969) were the first to locate benthic organisms 
that were capable of biologically forming both mono- and di-methyl mercury.
Methylation of compounds in biological systems is known to occur and 
has been traced to three major coenzymes (Ridley, et al. 1977, NRC 1978). 
These are S-adenosylmethionine, N5-methyltetrahydrofolate, and 
methylcorrinoid derivatives (Vitamin B i 2). Of these three, only the corrinoid
group is capable of carbanion methyl group transfer and is therfore considered 
to be the necessary component in mercury methylation (Neujahr and Bertilsson 
1971). Wood, et al. (1968) found that extracts from methanogenic bacteria 
containing alkyl-Bi2 compounds were capable of methylating inorganic
mercury. Bacterial methylation has been found to occur in all types of bacteria: 
anaerobes, facultative anaerobes, and aerobes (Beijer and Jernelov 1979).
Contradictory results have been published on the rates of methylation 
within anaerobic and aerobic sediments. Lawrence (1973) concluded that 
methylation rates were highest in aerobic sediments while Olsen and Cooper 
(1976) found the production of methylmercury to be highest in anaerobic 
sediments.
Chemical processes are also capable of mercury methylation. It has 
been found that certain metal alkyls such as those of tin and lead are capable of 
transalkylating mercury (Beijer and Jernelov 1979).
In aquatic systems containing either natural or anthropogenic mercury, it 
has been clearly shown in numerous studies that chemical and biological 
methylation of mercury can occur. This formation of methylmercury is very 
important to the introduction of mercury into aquatic and terrestrial organisms. 
Methyl mercury has been shown to be extremely toxic to numerous organisms 
(Best, et al. 1981, Ram and Sathyanesan 1983). It is a very stable compound, 
and, unlike other organic mercury compounds such as phenylmercury, it does 
not rapidly breakdown in the environment (Beijer and Jernelov 1969).
MERCURY IN FISH
Methylmercury in fish
The pathways of mercury into fish include absorption through the mucus 
layer and skin (McKone, et al. 1971, Burrows, et al. 1974), absorption across the 
gill membrane (Olsen, et al. 1973, Olsen and Fromm 1973), and absorption 
through the intake of food (Jernelov and Lann 1971, Jernelov 1972, NRC 1978, 
Julshamn, et al. 1982). The relative importance of these pathways is currently a 
major concern in scientific research. This forms the basis of the argument as to 
whether bioaccumulation occurs within the environment. Ecologically, 
bioaccumulation is considered to be a quantitative increase in the pollutant 
level within the food web of a system positively correlated with increasing 
trophic status. The causative agent for this increase is the magnification of the 
pollutant levels found within food items.
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As has already been mentioned, the predominant form of mercury within 
fish tissue is methylmercury. This is due to the fact that methylmercury is more 
rapidly accumulated from the surrounding water than are other species of 
mercury and is much slower to be eliminated. Most studies report the average 
methylmercury content in fish to be approximately 90% of the total mercury 
value. Noren and Westoo (1967) found an average of 92% of the total mercury 
content of freshwater fish to be in the methylmercury form. Zitko, et al. (1971) 
found average values of 86% within five different species, but found that 
individual values varied greatly with a standard deviation of 42.6%. Kamps, et 
al. (1972) found almost all of the mercury in the fish they sampled to be 
methylmercury.
Lower percentages of methylmercury have been reported for many 
species, however, and this may be tied to differences in water quality and 
physical factors along with inherent differences in species physiology. Freeman 
and Horne (1972) found only 50% methylmercury in the American eel, Anguilla 
rostrata. Rivers, et al. (1972) found only 25% methylmercury in the Pacific blue 
marlin, Markaira ampla.
Comparisons of mercury levels in fish from different studies are difficult to 
accurately assess. The analysis of mercury in water, sediment, and fish tissue 
is difficult due to the measuring of trace levels of an element that is highly 
volatile and ubiquitous in the environment. Westoo (1975) and Van Loon 
(1975) have suggested the interreliability problems of analytical results of 
mercury studies is due mostly to analytical uncertainties such as improper 
experimental designs, biased interpretations, and quality control. Many studies 
appear to be unreliable because adequate safeguards against contamination 
and loss of mercury were not taken. Examples of the inability for different 
research groups to agree on experimental mercury values has been illustrated
12
(Olaffson 1978). This may account for the some of the differences in 
methylmercury content found within the literature for the same species although 
differing environmental conditions account for other differences.
Regardless of these analytical uncertainties, it is neccessary to draw 
some basic conclusions about mercury within fish. One of the most important of 
these conclusions is the level of natural or background contamination in fish 
from areas uncontaminated by anthropogenic inputs of mercury. Stock and 
Cucuel (1934) and Raeder and Snekvik (1941) (both reported in NRC 1978) 
established levels of between 0.04 and 0.15 pg Hg/g wet weight in 
uncontaminated areas of both fresh and saltwater. Johnels, et al. (1967) 
reported natural background levels of 0.20 pg Hg / g in fishes from pristine 
areas of Sweden. These values can be compared with those of Huckabee, et 
al. (1974) who found levels of only 0.035 pg/g in fishes from uncontaminated 
lakes within the Great Smoky Mountains. Huckabee, et al. (1979) believed 
these values to be the lowest published values of mercury reported and may 
indicate the lowest possible levels of mercury in fish.
There has been considerable agreement among most researchers in this 
field that the value reported by Johnels, et al. (1967) of 0.20 pg/g is a 
reasonable estimate of the average natural background mercury level found in 
fish from uncontaminated areas. However, some studies of the natural 
background levels in fish have shown a wider range of values. This is possibly 
due to differences in the indigenous mercury content within the watershed and 
airborne input (Huckabee, et al. 1979). Bishop and Neary (1976) reported 
values ranging from 0.05 to 1.32 pg/g in fishes from some uncontaminated 
lakes in Canada. Sumner, et al. (1972) reported values of total mercury in fish 
from uncontaminated lakes, also in Canada, as low as 0.11 pg/g whereas they 
found levels in other lakes of no known contamination source of 1.13 pg/g.
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Johnels, et al. (1967) reported values of 1.00 pg/g in Swedish lakes far 
removed from industrial activity. They also concluded that input from 
atmospheric fallout could be to blame for these increased values.
Many areas of the world have been seriously contaminated with 
anthropogenic inputs of mercury and the values found within the fish of these 
regions have been shown to be extremely high and in some cases contain 
levels that make even small amounts of fish unfit and unsafe for human 
consumption. The highest mercury levels ever recorded in fish tissue were 
found in samples taken from Minamata Bay in Japan. Values of over 50 pg/g 
were commonly recorded (D’ltri 1971). This value was found to be the 
contaminant level necessary for the widespread outbreak of toxic mercury 
poisoning in humans. The mercury discharged into the water of this area was 
excess merthylmercury formed during the catalysis of acetylene to vinyl chloride 
by an industrial plant in Minamata.
Mercury contamination in most other areas of the world has been less 
severe than that recorded in Japan. The levels have, nontheless, been 
sufficiently high to force warnings on products from many areas. In the United 
States as of 1978 (NRC 1978), twenty-six states had been forced to issue some 
type of warning or ban on fish taken from local areas. High values continue to 
be a problem in some areas. The Lahontan Resevoir in Nevada was recently 
reported as having mercury values as high as 9.52 pg/g in fish (Cooper 1983). 
The source of the pollution in this area stemmed from gold and silver mining in 
the area during the mid to late 1800's. Some areas of excessive mercury 
contamination have only recently been exposed even though the environment 
has been subjected to massive mercury emissions for long periods. It was 
recently reported that the Department of Energy's nuclear facility on the Clinch 
River in Tennesse released an estimated 2.4 million pounds of mercury into the
river between 1950 and 1970. The extent of this discharge has been known to 
the DOE since 1977 but was only recently reported (Press 1984). The extent of 
damage to the environment has not been reported.
Accumulation and elimination of mercury in fish
The pathways of methylmercury into aquatic systems has been a focal 
point of mercury research. Methylmercury is highly water soluble when 
dissociated into its ionic form (CH3Hg+) (Benes and Havlik 1979). Once
formed in the sediments of aquatic systems, it is capable of being released into 
the water column whereas most other inorganic forms (e.g. HgS) are effectively 
immobilized.
The uptake of mercury across the cellular membrane is a rapid diffusion 
controlled process with a rate constant of 2 X 10'8 seconds (Huckabee, et al. 
1979). Once the methylmercury ion has entered the cell, it is almost 
immediately bonded with sulfhydryl groups. This "biological sink" for the body 
burden of mercury accounts for approximately 95% of the methylmercury in fish 
tissue (NRC 1978). This is an important factor because this effectively removes 
the methylmercury within the cell from interacting with the osmotic process 
responsible for mercury uptake. In other words, the cell membrane is 
constantly diffusing additional methylmercury into the cell in an attempt to stay 
in equilibrium with the water body it is in. This allows for the elevated amounts 
of methylmercury in fish tissue when compared to ambient water levels. The 
effectiveness of biota in absorbing methylmercury from the water column was 
demonstrated by Huckabee and Goldstein (1973). They found that the pulse 
addition of methylmercury to an eutrophic pond was completely accumulated by 
the biota within four days. All biota showed rapid increase in levels of
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radiolabeled methylmercury for the first four days followed by a much slower 
increase in the larger biota, such as fish, as the mercury was redistributed within 
the environment.
An important factor in increasing the body burden of any contaminant is 
the disproportionate rate of accumulation and elimination of the substance in 
question (Hammelink, et al. 1971). Different species of mercury compounds 
have shown differential rates of accumulation (Hannerz 1968, De Freitas, et al. 
1974, , Boudou and Ribeyre 1981, Julshamn, et al. 1982) with methylmercury 
being absorbed from water between 10 and 100 times more rapidly than 
mercuric chloride. De Freitas, et al. (1977) found that the assimilation efficiency 
of methylmercury was greater than inorganic forms when absorbed from food.
Elimination rates have been extensively studied and have resulted in a 
large amount of data dealing with half-lives of mercury within fish tissue. The 
excretion and elimination of mercury from fish occurs in two phases (NRC 
1978). The first of these is a relatively rapid stage during which the mercury 
contained within the gut and incorporated into the mucus layer is eliminated.
This stage takes from approximately one week to one month. The second 
component of elimination is much slower and involves the removal of mercury 
compounds from muscle tissue and vital organs (Massero and Giblin,1972, 
Burrows, et al. 1974, Julshamn, et al. 1982).
Methylmercury incorporated into muscle tissue is constantly eliminated 
according to an exponential decay function and has proven to be amenable to 
the concept of an elimination half-life. Average half-lives in fish are two years 
(Lockhart, et al. 1972, Bishop and Neary 1974, Hasselrot and Gothberg 1974, 
Laarman, et al. 1976) but have been found to be as rapid as 5 months (Burrows 
and Krenkel 1973) or as long as 3.3 years (Jarvanpaa 1970; cited in NRC 
1978). These long retention periods coupled with the fact that methylmercury is
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rapidly and effectively removed from the water column by the aquatic biota lead 
to the accumulation and magnification of methylmercury well beyond the 
ambient water levels.
Factors affecting the accumulation of mercury in fish
Mercury levels within fish of the same species have proven to be so 
highly variable that the value often reported as the average mercury level is 
more a function of the sampling bias than the actual average mercury level of 
the system. This variation has led many observers to analyze their data in 
search of trends that might help identify the factors that control mercury 
accumulation in aquatic biota.
The analysis of these trends has been hampered by two basic research 
problems. First, the sample size necessary for the determination of such trends 
is often quite large and many researchers have not developed data sets that are 
sufficient for the task. Second, many papers lack rigorous statistical analyses 
and usually rely on simple linear regressions when a multiple regression might 
be more appropriate. Table 2 lists a few of the general studies in this area 
along with species studied, sample sizes, and trends found.
The general findings of these studies indicate that weight and length 
appear to be the two most important independent factors determining mercury 
concentration. Of these studies, only Scott (1974) and Nishimura and Kumagai 
(1983) attempted any higher level statistical analyses. Nishimura and Kumagai 
(1983) performed multiple regressions with the factors of body weight and 
sediment mercury concentrations. Scott (1974) ventured to analyze for the 
presence of any interactions between the terms. In this case, significant 
interactions were found between age and relative growth (calculated as actual
16
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length/expected length) and age and condition (calculated as actual 
weight/expected weight). Scott's research was published in 1974 and is 
perhaps the best illustration of the complex factors responsible for the 
accumulation of mercury within fish tissue. In the ten years since this article was 
published, not one single researcher has followed this format for analyzing 
mercury data. This may be due to the fact that many biological researchers do 
not understand or are unaware of complex statistical analysis.
Bioaccumulation of mercury through the food chain
One of the factors not covered in the study of intraspecific variation in 
mercury content is the question of what causes different species to have 
different average mercury values. There are two basic schools of thought 
concerning the answer to this question. The first states that the majority of 
mercury accumulation is controlled by the absorption of mercury through the gill 
membranes and is therefore a specific rate controlled function influenced only 
by the ambient water levels of mercury and by the individual metabolism of the 
fish (Huckabee, et al. 1979). This concept has been proposed to explain the 
apparent accumulation of mercury through a food chain. Huckabee, et al.
(1979) argue that the metabolic rate of fish found within the higher trophic levels 
is typically slower than the faster growing forage fish. As mercury is absorbed 
through the gills, it is incorporated into the body tissue along with the other 
components of fish growth. It therefore follows that the faster the metabolism 
and growth rate, the more diluted the mercury will become within the tissues of 
the fish. This will result in a lower mecury value for these fish than would be 
found in a fish whose growth was less able to dilute the mercury.
Table 2 -- General studies dealing with factors statistically correlated with 
mercury accumulation in fish including species studied and 
sample sizes. L=Length, W=Weight, A=Age, C=Condition, 
G=Growth, S=Sediment Concentration.
Species Factors N Reference
Northern Pike L 20 Wren, et al. 1983
Saualius cephalus L 31 Pleyer 1981
Smallmouth Bass L 20 Wren, et al. 1983
Lake Charr L 20 Wren, et al. 1983
Tiger Shark L 13 Boush and Thieleke 1983a
Carcharhinus limbatus L 26 Boush and Thieleke 1983a
Walleye W 8 Potter, et al. 1975
Largemouth Bass W 7 Potter, et al. 1975
Perea fluviatilis w 10 Pleyer 1981
Yellowfin Tuna w 100 Boush and Thieleke 1983b
Bigeye Tuna w 104 Boush and Thieleke 1983b
Red Sea Bass w 74 Nishimura and Kumagai 1983
Hair-tail w 94 Nishimura and Kumagai 1983
Japanese Croaker w,s 114 Nishimura and Kumagai 1983
Walleye A.L.C.G 508 Scott 1974
Northern Pike A.L.C.G 497 Scott 1974
White Sucker A.L.C.G 479 Scott 1974
Lake Whitefish A.L.C.G 234 Scott 1974
American Eel None 23 Freeman and Horne 1973
1 8
1 9
The second school of thought states that the interspecific differences in 
mercury levels are due to the classical concept of bioaccumulation or the 
trophic level magnification of toxic substances through the food chain. This 
concept relies on the relative importance of mercury absorption through food 
instead of water.
Numerous field studies have been presented on the presence or 
absence of the bioaccumulation of mercury in a system, but, as has been the 
case with other aspects of mercury studies, statistical substantiation has been 
lacking. Table 3 lists many of the studies dealing with bioaccumulation and the 
relavent statistical information pertaining to each.
Of all the studies presented in Table 3, only Cooper (1983) has been 
able to statistically document his conclusions. Almost all of the studies are 
hampered by the lack of adequate sample size and many use only one or two 
samples from any single species. Given the extreme variability of mercury 
within a species, this leads to the conclusion that most studies dealing with 
bioaccumulation are too seriously flawed to be of any value.
The basic question raised by these ambiguous findings is which is more 
important, the absorption of mercury from the water column or the absorption of 
mercury from food. Some researchers have attempted controlled laboratory 
studies in an attempt to solve this problem. Boudou and Ribeyre (1981) were 
able to show that the cladoceran Daphnia maona was able to accumulate 58% 
of the methyl mercury contained in the food item, Chlorella vulgaris. The food 
item had been able to absorb 96-100% of the mercury present directly from the 
water within 24 hours prior to the input of the claudocerans. Rogers and 
Beamish (1982) demonstrated that rainbow trout, Salmo gairdneri. were able to 
retain between 70 and 80% of the methylmercury present within their food.
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Table 3 -- Studies concerning the bioaccumulation of mercury through 
food chains. STATS=statistical analyses performed on data, 
BIO?=conclusion as to presence or abscence of 
bioaccumulation.
STUDY LOCATION STATS BIO?
Knauer and Martin 1972 Monterey Bay, 
California
No stats. NO
Williams and Weiss 1973 Pacific Ocean 19 samples, 
13 species, 
no stats.
NO
Leatherland, et al. 1973 Atlantic Ocean 28 samples, 
12 species, 
no stats.
NO
Kiorboe, et al. 1983 Nissum Broad, 
Denmark
89 samples, 
13 species, 
no stats.
NO
Potter, et al. 1975 Lake Powell, 
Arizona
41 samples, 
7 species, 
no stats.
YES
Wren, et al. 1983 Ontario,
Canada
116 samples, 
6 species, 
no stats
YES
Cooper, 1983 Lahontan Res., 
Nevada
55 samples, YES 
3 trophic levels,
3 a priori comparisons.
Baluja, et al., 1983 Spain 17 samples, 
6 species, 
no stats.
YES
2 1
Earlier in this review, the efficient removal of methylmercury from the 
water column by aquatic biota was reported. This information, when combined 
with these accumulation studies concerning mercury contained in food, leaves 
unanswered the question concerning the relative importance of these two 
factors in determining mercury levels within fish.
The lack of adequate statistical evaluation and analytical methods found 
within the majority of the papers dealing with mercury accumulation has led to a 
considerable amount of confusion within the scientific community concerning 
the role of specific factors that control mercury accumulation. The available 
literature does suggest, however, a few basic points concerning mercury in 
aquatic biota.
1) Methylmercury is more rapidly absorbed by aquatic organisms 
than is any other species of mercury.
2) Mercury is capable of being absorbed both from the water 
column and from food.
3) Potentially hazardous levels of mercury are capable of being 
accumulated within certain aquatic organisms through some 
means of magnification of ambient mercury levels.
4) The basic factors controlling this accumulation are not well 
understood.
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OBJECTIVES
The purpose of this study has been to evaluate the presence of mercury 
within the upper estuarine trophic system of Lake Charles, Louisiana. This 
specifically includes the following points.
1) Characterize specific chemical and physical properties of the 
sediments, including mercury content, within a few selected areas of the lake in 
order to indicate the nature of the sediment materials and their levels of mercury 
contamination.
2) Quantify the presence of mercury within various species of fish taken 
from Lake Charles and establish whether average mercury levels constitute a 
health hazard to human populations. Species tested were gizzard shad, 
redear sunfish, spotted sunfish, blue catfish, skipjack herring, alligator gar, 
longnose gar, and spotted gar.
3) Statistically analyze for factors affecting mercury accumulation within 
the food chain of Lake Charles. Factors to be measured are body length, 
weight, condition factor, percent piscivory, and, in some cases, age.
4) Produce a statistically valid model for the prediction of mercury levels 
within the muscle tissue of fish inhabiting Lake Charles.
EXPERIMENTAL APPROACH
Field sampling of sediments and extensive sampling of fish was followed 
by laboratory analysis using the cold vapor atomic absorption analysis to 
determine the mercury concentrations in both fish and sediments. Sediment 
samples were also characterized for three properties that are believed to 
influence the mobility of mercury. This information was then evaluated in an 
effort to determine the availability of sediment-bound mercury within the Lake
Charles system and the factors that control its distribution through the food 
chain.
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METHODS AND MATERIALS
The methods portion of this paper has been divided into three basic 
sections; one each dealing with sediments, fish and statistical analysis.
SEDIMENTS
Sediment collection
All sediment samples were taken on 22-May-1985 in the following 
manner. Depth cores were taken from three separate areas of Lake Charles, 
each of which typifies a different sedimentary regime. Areas of collection can 
be seen in Figure 1. Sample site R is an area of restricted water flow due to the 
presence of the support abutment for the Southern Pacific Railroad bridge. 
Limited passage of water between this area and the rest of Lake Charles has 
resulted in sediments which are dark colored and much less well compacted 
than in other areas of the Lake. Sample site H is apparently representative of 
much of the northern and eastern areas of the lake. Slower circulation rates in 
this area, most likely due to its distance from the Calcasieu River channel, have 
resulted in light grey, fine-textured sediments. Sample site S is similar to areas 
of the lake along the southern and western shores. The more proximal 
relationship to the river channel apparently subjects these areas to enough 
current that these areas consist primarily of fine sands.
Each location was sampled by utilizing a sampling device suitable for 
obtaining shallow water sediments. The sampler was comprised of two PVC 
handles 12 feet long attached to a 4-inch diameter piece of thin-walled 
aluminum tubing. Samples are obtained by driving the tubing into the 
sediment, allowing a gravity-activated plunger to block off the top of the tubing,
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Figure 1 -  Lake Charles, Louisiana with sediment sampling areas noted.
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and bringing the sample back to the surface where it is stored upright until 
sectioning can be performed.
All cores were sectioned into 4 inch increments from the surface and 
allowed to dry in an oven at 36° C. This low temperature reduces the chance of 
mercury volatilization. Samples were then ground with a mortar and pestle to a 
powdered state and analyzed for selected sediment characteristics and mercury 
content.
Sediment characterization
Sediment characteristics determined for the three sample locations in 
Lake Charles were particle size distribution, total organic matter content, and 
cation exchange capacity (CEC). Determination of each of these characteristics 
was made following established methodology and is described below. 
Replicates were performed on each sample for each sediment characteristic 
and the mean value reported.
Particle size analysis
Particle size distribution (percent sand, silt and clay) was performed 
using the procedure from Patrick (1958) and makes use of a simplified 
procedure designed to determine the total percentages of sand, silt and clay 
within each sample. All samples were first baked in a muffle furnace at 500° C 
to destroy all organic matter within the sediment. Replicate samples were then 
suspended in a solution of sodium metaphosphate and shaken for 13 hours. 
This step insures complete separation of all particles. Dispersed samples are 
then sieved through a 45 pm mesh to remove the sand fraction. This portion is 
dried in an oven and weighed to give the sand fraction. The remaining fraction
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is diluted to 1000 ml in a graduate cylinder and thoroughly mixed and allowed 
to settle for 8 hours. At this point, a preliminary reading is made using a 
Bouyoucos hydrometer which is specifically calibrated to measure density in 
grams/liter. After correcting this reading for the effect of the sodium 
metaphosphate solution and determining the sample temperature, a 
determination is made using the table provided by Patrick (1958) as to the time 
for the final reading to be made. Final readings are measured directly from the 
Bouyoucos scale and corrected for the density of the dispersal solution. This 
provides the total amount of clay present within the sample. The amount of silt 
is calculated as the difference between the total sample weight and the 
combined sand and clay weight. All fractions are then converted to percents of 
the initial sample.
Organic matter content
Total organic matter content of the sediment is determined on an oven- 
dried sampled following complete decomposition of organic matter in a muffle 
furnace at 550° C. Percent organic matter is calculated by the following 
equation:
% Organic Matter = (1 - Post Burn Weight) X 100
Pre Burn Weight
Cation exchange capacity (CEC1
CEC was determined following the standard procedure of sodium 
saturation presented by Chapman (1965). In this method, a sample is oven- 
dried and is then treated with 33 ml of 1N sodium acetate by shaking the 
sample for 5 minutes on a reciprocating shaker followed by centrifuging and 
decantation of the supernatant. This is repeated three additional times to insure
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the complete saturation of the sample with sodium ions. The sample is then 
wash three times in an identical manner with 33 ml of 99% propanol to remove 
any excess sodium ions still present in the solution phase. The adsorbed Na+ 
is then replaced in the same manner by washing the sample with three 33 ml 
portions of ammonium acetate. The supernatant from these washings is 
collected, diluted to 100 ml, and analyzed for sodium content using the ICAP 
spectrometer. Total cation exchange capacity is then calculated as the total 
milliequivalents (meq) per 100g of sediment.
Mercury content of sediments.
The analysis for sediment mercury is very similar to mercury analysis in 
fish tissue. These two topics will therefore be discussed together under the 
topic of mercury analysis.
EISM
The methodology for fish in this study consisted of two separate phases: 
collection and laboratory analysis.
Fish collection
The collection of fish was done with attention given to obtaining the 
proper species and as wide a range of fish sizes within a species as possible to 
facilitate the statistical analysis.
Fish collection for this study was conducted from 1-November-1984 to 
3-March-1985. The following collection methods were used: Gill nets, trammel 
nets, minnow traps, bag seines, trot lines, otter trawls and electroshock. Table 
4 gives the individual dates for each trip and the collection gear that was used. 
Scientific permits were obtained from the Louisiana Department of Wildlife and
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Table 3 -- Dates and equipment used on fish collection trips.
DATE EQUIPMENT USED
1-Nov-84 / 2-Nov-84 100 Yard Trammel Net 
100 Foot Gill Net 
16’ Otter Trawl
30-Nov-84 /31 -Nov-84 100 Yard Trammel Net 
16' Otter Trawl 
200 Foot Trot Line 
Minnow Traps
18-Jan-85 / 19-Jan-85 100 Yard Trammel Net 
Trot Line
6-Feb-85 / 7-Feb-85 Electroshocker
21-Mar-85 / 4-Mar-85 100 Yard Trammel Ne
Fisheries to use these methods.
Because of their availability, upper estuarine lifestyles, and the wide 
range of trophic levels covered, the following list of fish were chosen as test 
species:
Gizzard Shad (Dorosoma cepedianumt 
Redear SunfishfLepomis microlophusl 
Spotted Sunfish (Lepomis punctatusl 
Blue Catfish (Ictalurus furcatus)
Skipjack Herring (Alosa chrvsochlnrisl 
Alligator Gar (Lepisosteus scalula)
Longnose Gar (Lepisosteus osseusl 
Spotted Gar (Lepisosteus oculatus)
Upon collection, each individual was weighed, body length and total 
length recorded and then immediately placed in a ziplock freezer bag and 
frozen on dry ice to prevent any possible dehydration of the muscle tissue that 
might alter the apparent mercury level in the tissue.
Brief life history description of test species
Gizzard Shad (Dorosoma ceoedianuml- This species is widely 
distributed within the freshwaters of the Mississippi River Basin and beyond. It 
is fairly salt tolerant and is sometimes found in the lower salinity areas of the 
Gulf of Mexico (Douglas, 1974). Like most Clupeids, it is a filter feeder and 
normally consumes no fish in its diet (Darnell, 1961).
Redear Sunfish (Lepomis microlophus^- This Centrarchid occurs in the 
Mississippi Basin from Indiana south and is distributed statewide in Louisiana.
It is more salt tolerant than most other sunfish (Douglas ,1974). The primary 
food item for this species consists of aquatic snails with fish making up only 
approximately 0.4 % of the total food intake (Huish 1954).
Spotted Sunfish (Lepomis ouctatusl- This is a small, thick-bodied 
species that occurs statewide in Louisiana (Douglas 1974) and, like the red­
eared sunfish, is more salt tolerant than other sunfish. Like most sunfish, fish 
make up only a small portion of its total diet. Estimates range from 0% (Levine 
1980) to 9% (Odum and Heald 1972) for total fish intake.
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Blue Catfish (Ictalurus furcatus)- This large catfish is common throughout 
the larger waters of Louisiana (Douglas 1974). It has a wider salinity tolerance 
than do other freshwater catfish (Hoese and Moore 1979). This species is 
considered an omnivore with about 22% of its diet consisting of fish in adult 
specimens and 4% fish in juvenile individuals (Darnell 1961).
Skipjack herring (Alosa chrvsochloris)- This species is anadromous and 
can often be found in saline waters. It is common in many waters around the 
state (Douglas 1974). Unlike most Clupeids, this species is carnivorous and 
often preys upon ichthyoplankton (Hildebrand 1963). Although quantitative 
estimates of its total fish intake do not appear in the literature, approximately 
55% of its diet consists of fish (Hildebrand 1963). Examination of the few 
skipjacks in this study which contained identifiable stomach contents appears to 
back the conclusion that fish and ichthyoplankton constitute the most important 
component of this fish’s diet.
Spotted Gar (Leoisosteus oculatusl- This species is widespread through 
much of the Mississippi River Basin and is fairly salt tolerant (Douglas 1974, 
Hoese and Moore 1979). It is highly carnivorous with fish making up 24% of its 
diet (Darnell 1961).
Alligator Gar (Lepisosteus soatulal- This is the most robust of the 
Lepisostidae and can reach great lengths (>9 feet). It is found statewide in 
Louisiana's fresh waters (Douglas 1974) and is occasionally found in the Gulf of 
Mexico (Hoese and Moore 1979). This species is strongly carnivorous with 
almost 100% of its diet being fish (Darnell 1961).
Longnose Gar (Lepisosteus osseusl- This species is also found 
statewide in freshwater (Douglas 1974). Although not as salinity tolerant as the 
alligator gar, it still occurs in moderately saline waters (Hoese and Moore 1979). 
Fish make up 98% of the diet for this highly carnivorous fish.
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Catfish aging
Age was determined on all available blue catfish. Determination was 
made by removing one of the pectoral spines and making a thin (70 pm) section 
of the spine near its base. Cross sections were then examined under a low 
power magnification system and the growth rings were counted to identify the 
age category for the individual (Sneed 1954). Age in this context is used to 
signify the number of winters that the individual has lived.
Analysis for mercury
The Cold Vapor System- As stated previously, the analysis for mercury 
within both fish and sediments is fairly similar. The analysis for mercury in fish 
follows Lithe, et al. (1970) and EPA guidelines (EPA 1978, 1980). The analysis 
for sediments is according to Reimers, et al. (1973) and EPA guidelines (EPA, 
1978,1980). In this study, mercury levels were measured using the cold vapor 
atomic absorption method. This method makes use of the unique volatile 
nature of elemental mercury. The analytical system is illustated in Figure 2 and 
consists of a Perkin-Elmer Atomic Absorption Spectrophotometer (AA) and the 
cold vapor elemental mercury generator. The system works by converting all 
forms of mercury present in the sample to their elemental state within a glass 
reaction vessel and then volatilizing this mercury by means of a closed system 
aeration device. The closed system then causes the mercury to pass through a 
quartz windowed tube located within the detection beam of the AA. Absorbance 
is measured during this purging procedure and the peak absorbance is 
recorded. At this point, the mercury vapor is passed through a scrubber solution 
to prevent any mercury from being released into the laboratory atmosphere.
Figure 2 -- Cold Yapor atomic absorption apparatus and set-up.
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Sample Preparation- Prior to the analysis, replicates of each sample are 
weighed out. For fish, this consists of two portions of the dorsal white 
musculature removed from behind the dorsal fin. All fish samples must be 
weighed frozen to prevent any possible dessication of the tissue. The sediment 
aliquots are finely ground and mixed. All samples weigh between 0.2 and 0.4 
grams. These replicates are placed in acid cleaned BOD bottles for analysis.
The analytical procedure consists of five separate stages.
Stage 1- The preliminary stage of analysis consists of the liberation of 
mercury compounds from the samples by warm acid digestion. A 5:1 mixture of 
H2S0 4 :HN03 was introduced to each sample and the samples were placed in
a warm water bath at 58° C. Fish samples were digested for approximately 1 
hour while sediment samples were digested for 2 1/2 hours. This low 
temperature digestion insures that the complete degradation of the samples will 
occur without any substantial volatilization of mercury compounds.
Stage 2- After complete digestion, the samples are cooled in an ice bath 
and 15 ml of 5% potassium permanganate is slowly added. The cooling in the 
ice bath is important to keep the solution temperature low to insure no 
volatilization of mercury occurs while the acid and water mix during this step.
The purpose of the permanganate solution is to oxidize all of the available 
mercury compounds in the solution to their divalent (Hg2) state. All samples are 
left overnight (~8 hours) to complete the oxidation.
Stage 3- After the oxidation is complete, each sample is diluted to 125 ml 
and all excess permanganate within the solution is reduced by the addition of 6 
ml of 15% hydroxylamine hydrochloride. This eliminates the possibility of 
reoxidation of mercury during the final stage of analysis.
Stage 4- Each sample is then treated with 5 ml of 10% stannous sulfate 
and placed in the cold vapor detection system. Stannous sulfate reduces all of
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the divalent mercury to its elemental form after which the aeration system 
liberates the elemental mercury from solution and the peak absorbance is 
measured as the mercury vapor is passed through the beam of the 
spectrophotometer.
Stage 5- Actual values for mercury within the samples are determined by 
comparing the experimental values to a standard curve prepared by the 
analysis of spiked fish digest at total mercury levels of 0.0, 0.05, 0.1,0.2, 0.5 and 
1.0 pg Hg / sample. Standards for sediments are prepared as spiked water 
samples. Blanks are used to adjust all samples to negate the effect of mercury 
present within the reagents used in the procedure. All standards are treated in 
the same manner as experimental samples, and after absorbance values are 
recorded, a linear regression through the origin is calculated to give the 
standard curve (See Figure 3 for a typical standard curve).
Experimental absorbance values are then converted to pg Hg / sample 
by the equation:
total pg Hg in sample = relative absorbance of sample
slope of regression line
Final mercury values for the samples are calculated by the formula:
Hg level / gram of sample = ua Ha in sample
weight of sample
Data collected from the analysis of fish mercury content, along with the 
factors of body weight, body length, condition factor, percent piscivory (obtained 
from the available literature), and, in the case of blue catfish, age, were 
analyzed using the Statistical Analysis System (SAS) for trends using simple
and multiple regression techniques that were utilized to distinguish between 
the factors best estimating mecury accumulation within the food chain of Lake 
Charles. Other pertinent statistical information such as confidence limits, R- 
square values, and expected values were also determined.
Figure 3 -- Typical mercury content / absorbance standard curve.
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RFSULTS AND DISCUSSIONSediments
All three sediment sample locations gave varying core depths 
depending on the texture and firmness of the substrate. Sample site S, the area 
of highest apparent current with samples composed mostly of sand, gave a 
depth core of 8 inches, sample site H, the area of moderate current influence, 
gave 20 inches and site R, the site where water circulation is restricted by the 
railroad abutment, gave a 24 inch core. All samples sites have been shown 
previously in Figure 1.
Size fractions, percent organic matter, and cation exchange capacity 
(CEC) for each of the three sites are given in Table 4. Figure 4 gives the 
percent organic matter by depth for each of the three locations. Graphical 
representation of CEC with depth is given in Figure 5. Percent clay by depth is 
shown in Figure 6. Total average mercury content of each sample is also 
included in Table 4. Mercury values by depth are shown in Figure 7.
Simple linear regressions were run on all associated factors among 
the sediment samples. Highly significant (p£ 0.01) relationships were found to 
exist between total mercury content and percent clay within each sample (R- 
square=0.578 see Table 6 and Figure 8). CEC was also found to have highly 
significant relationships with both total percent clay (R-square=0.481, Table 7 
and Figure 9), percent total silt and clay (R-square=0.732, Table 8 and Figure 
10) and percent organics (R-square=0.861, Table 9 and Figure 11) within each 
sample. A significant (p> 0.05) correlation was found to exist between total 
mercury concentration and percent organic matter (R-square=0.358, Table 10 
and Figure 12). No significant interaction (0.10< p < 0.05) was found to exist 
between total mercury and cation exchange capacity (R-square=0.300, Table 
11 and Figure 13).
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Table 5 -- Particle size description, percent organic matter, cation exchange 
capacity (in meq/100 g), and mercury content (in pg Hg/g dry 
weight) of sediment samples taken from Lake Charles, Louisiana.
SAMPLE % SAND 
AND DEPTH
% SILT %CLAY % QRG CEC HG CONT
S-- 0" to 4" 89.9 5.6 4.4 2.14 3.34 0.22
S~ 4" to 8” 83.9 10.3 5.8 3.28 1.74 0.24
H~ 0" to 4" 24.6 48.8 25.0 8.60 21.20 0.27
H- 4" to 8" 17.8 49.3 32.9 9.48 18.02 0.32
H-- 8” to 12" 19.0 45.3 35.8 9.76 24.42 0.35
H - 12” to 16" 17.0 43.2 39.8 10.32 21.55 0.39
H - 16" to 20" 12.3 50.1 37.2 6.84 19.23 0.25
R-- 0" to 4" 6.8 43.5 49.7 17.12 29.07 0.40
R-- 4" to 8" 5.8 43.3 52.0 33.82 28.74 0.40
R~ 8" to 12" 8.0 51.6 40.4 37.46 27.61 0.34
R-- 12" to 16" 6.8 64.0 29.2 18.67 41.33 0.31
R--16" to 20" 7.7 50.2 42.0 22.16 21.55 0.45
R-- 20" to 24" 8.0 37.6 54.4 16.61 24.13 0.33meanL= 34.5 20.74 21.68 0.33
standard deviation = 15.58 10.95 10.38 0.07
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PERCENT ORGANIC MATTER 
10 20 30 40
Figure 4 -- Percent organic matter within sediment cores
taken from Lake Charles, Louisiana. Location S 
sediments* —■ , location H sediments*
location R sediments = .
i.
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CATION EXCHANGE CAPACITY 
10 20 30 40 50
Figure 5 -- Cation exchange capacity within sediment cores 
taken from Lake Charles, Louisiana. Location S 
sediments* —— location H sediments* 
location R sediments = -**"'**''.
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PERCENT CLAY CONTENT
Figure 6 -- Percent clay content within sediment cores
taken from Lake Charles, Louisiana. Location S 
sediments=— , location H sediments= ***** 
location R sediments = .
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AVERAGE MERCURY CONTENT 
0.10 0.20 0.30 0.40
Figure 7 -- Mercury content within sediment cores
taken from Lake Charles, Louisiana. Location S 
sediments* , location H sediments*
location R sediments = .
OI
>
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Table 6 -- Analysis table for simple linear regression including
regression coefficients and analysis of variance table of 
sediment factors total mercury content (AHG) and percent 
clay (% clay) in each sample.
Simple • Y : AHG X : %CLAY
DR__________ R-squared: Std. Err.: Coef. Var.:
12 1.578 1.048 14.482
Beta Coefficient Table
3arameter: Value: Std. Err.: Variance: T-Value:
NTERCEPT .21 .033 .001 6.346
SLOPE .003 .001 7.77E-7 3.881
Source
Analysis of Variance T 
DP. Sum Squares:
able
Mean Square: F-test:
REGRBSCN 1 .034 .034 15.063
RESIDUAL 11 .025 .002 .0001 < o S .005
TOTAL 12 .059
Residual Information 1 
SS[e(i)-e(i-1)l: e>0: e<0:
’able
DWtest:
.068 6 _________ l z _ 12.732
y -  .003x + .21 R-squared: .578
%CLAY
Figure 8 -- Graphical representation of simple linear regression
performed on the sediment factors of total mercury content
and percent clay in each sample.
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Table 7 -- Analysis table for simple linear regression including
regression coefficients and analysis of variance table of the 
sediment factors of cation exchange capacity and percent 
clay within each sample.
Simple - Y : CEC X : %CLAY
DF: R-squared: Std. Err.: Coef. Var.:
12 1.481 17.811 36.019
Beta Coefficient Table
Parameter: Value:________ Std. Err.: Variance: T-Value:
MTERCEPT 5.743 5.445 29.645 1.055
SLOPE .462 .145 .021 3.192
Analysis of Variance Table
Source DF: Sum Squares: Mean Square: =-tesl:
REGRESSON 4 621.673 621.673 10.188
RESIDUAL 11 671.201 61.018 .005 < D S .01
TOTAL 12 1292.874
Residual Information Table
SSIem-eCi-W. e > 0: 
1276.413 15
e<0: DW test:
11.902 ~l
y -  .462x + 5.743 R-squared: .481
%CLAY
Figure 9 -- Graphical representation of the simple linear regression
performed on the sediment factors of cation exchange
capacity and percent clay within each sample.
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Table 8 -- Analysis for simple linear regression including regression 
coefficients and analysis of variance table for the sediment 
factors of cation exchange capacity and total percent silt 
and clay in each sample.
Simple - Y : CEC X : %Sllt & Clay
DF:__________ R-squared: Std. Err.:______Coef. Var.:
112 1.732 5.622 26.526
Parameter: Value:
Beta Coefficient Table
Std. Err.: Variance: T-Value:
NTERCBT -2.453 4.591 21.075 -.534
SLOPE .31 .057 .003 5.477
Source DF:
Analysis of Variance T 
Sum Squares:
able
Mean Square: F-test:
REGFESSCN 1 948.022 948.022 29.994
RESIDUAL 11 347.678 31.607 .0001 < 0 S .005
TOTAL 12 1295.7
SSfe(i)-e(i-1)1:
Res
e>0:
dual Information Table
o < 0: DW test:
1696.392 7 12.003 _____ I
y -  .31 x +-2.453 R-squared: .732
%Silt & Clay
Figure 10 -- Graphical representation of the simple linear regression
performed on the sediment factors of cation exchange
capacity and total percent silt and clay within each sample.
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Table 9 -- Analysis table for simple linear regression including
regression coefficients and analysis of variance table for the 
sediment factors of cation exchange capacity and percent 
organic matter within each sample.
Simple - Y : CEC X : % ORGANICS
DF:__________ R-squared: Std. Err.:______Coef. Var.:
12 1.861 4.049 19.104
Beta Coefficient Table
Parameter: Value: Std. Err.: Variance: T-Value:
NTERCEPT 2.93 2.483 6.164 1.18
SLOPE .88 .107 .011 8.248
Source
Analysis of Variance T 
DF: Sum Squares:
able
Mean Square: F-test:
RBjRESSDN 1 1115.365 1115.365 68.035
RESOJAL 11 180.335 16.394 o < .0001
TOTAL 12 1295.7
SSfe(i)-
435.054
Resi
9(i-1)l: e>0:
5
dual Information 1 
e<0:
8
'able
DWtest:
12.412~
y « ,88x + 2.93 R-squared: .861
% ORGANICS
Figure 11 -  Graphical representation of the simple linear regression
performed on the sediment factors of cation exchange
capacity and percent organic matter in each sample.
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Table 10 -- Analysis table for simple linear regression including
regression coefficients and analysis of variance table for the 
sediment factors of total mercury content (AHG) and percent 
organic matter in each sample.
Simple - Y : AHG X : %0rganlcs
DF: R-squared: Std. Err.: Coef. Var.:
12 1.358 1.059 17.857
Beta Coeffiaent Table
Parameter: .. Value: Std. Err.: Variance: T-Value:
NTERCEPT .249 .036 .001 6.922
SLOPE l .004 .002 .000002391 2.478
Source
Analysis of Variance T 
DF: Sum Squares:
able
Mean Square: F-test:
REGRESSION 1 .021 .021 6.141
RESIDUAL 11 .038 .003 .025 < D £ .05
TOTAL 12 .059
pes
SSfe(n-e(i-1H: e>0:
dual Information Table
e < 0: DW test:
.106 6 ______ lz____ 12.81
y -  .004x + .249 R-squared: .358
Figure 12 -- Graphical representation of the simple linear regression
performed on the sediment factors of total mercury content
and percent organic matter in each sample.
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Table 11 --Analysis table for simple linear regression includ ing
regression coefficients and analysis of variance table for the 
sediment factors of total mercury content and cation 
exchange capacity (CEC) in each sample.
OF:
Simple - Y : AHG X
R-squared: Std. Err.
: CEC
Coef. Var.:
12 ____L3___ 1.061 118.65
Parameter:
Beta Coefficient Table
Value: Std. Err.: Variance: T-Value:
NTERCEPT .248 .041 .002 6.104
SLOPE .004 .002 .000002902 2.171
Analysis of Variance Table
Source DF: Sum Squares: Mean Square: : -test:
REGRESSCN 1 .018 .018 4.715
RESIDUAL 11 .041 .004 .05 < D ^ .10
TOTAL 12 .059
Residual Information Table
SSfe(i)-e(i-1)1: e>0: e<0: DW test'
.111 6 IT 2.687
y -  .004x + .248 R-squared: .3
CEC
Figure 13 -- Graphical representation of the simple linear regression
performed on the sediment factors of total mercury content
and cation exchange capacity in each sample.
A
H
G
48 A
All sediment properties except for percent sand in each sample show 
a tendency to have the lowest values in samples taken from the south shore of 
the lake (Site S) and to have the highest values from samples taken from the 
northern portion of the lake (Site R). Site H tends to have the midrange values 
although these are usually more similar to those values found from Site R. The 
particle-size and organic matter values are likely influenced by the average 
current velocities in each of the areas. These values, in turn, influence the other 
factors. The smallest size fractions and greatest organic matter are found in the 
area with the most restricted circulation. Mercury is known to be more strongly 
associated with finer particle sizes and organic matter content and this results in 
higher sediment mercury levels in samples taken from site R.
The average total mercury content of the sediments is fairly low 
considering the industrialized nature of the region and is only slightly above the 
average background level of 0.20 pg/g  given in most studies. An average 
mercury level of 0.33 pg Hg / g indicates that no widespread contamination is 
now occuring within Lake Charles. These moderate levels have likely 
influenced the levels found within the fish of the lake which were likewise only 
slightly elevated above normal background levels.
The close correlations found between sediment mercury level and 
percent clay and total organic matter is expected. Bothner and Piper (1971) 
and Applequist, et al. (1972) reported significant correlations between sediment 
mercury and sediment organic content. This is most likely due to the 
complexing abilities of fulvic acids and mercury compounds (Lindberg, et al.,
1975). Vernet and Thomas (1972) and Thomas (1973)proposed that the 
significant relationships between mercury and iron and phoshorous in 
sediments was due the formation of mercury-iron-phosphate complexes 
associated with the iron oxide coatings on clay particles. Absorption of mercury
onto the surface of clay particles accounts for the high degree of correlation 
between mercury values and percent clay in the sample. This information 
indicates that mercury within the Lake Charles system is being complexed in a 
normal fashion and removed from the water column. The release of this 
sediment bound mercury can therefore be expected to be quite small with the 
major release points being methylation and sediment disturbance due to 
dredging and boat traffic (Lindberg, et al. 1975). It would therefore seem 
apparent that the availability of mercury from the sediments to the aquatic food 
chain in Lake Charles is fairly minimal and that most of the present mercury in 
the sediments comes from natural sources or from low level industrial outfall. 
These sediment levels should therefore constitutes little cause for concern.
MERCURY WITHIN THE FOOD CHAIN
Average mercury levels within fish
Two hundred individual fish were sampled representing eight 
different species. These species represent a wide range of trophic levels. 
Appendix Table A1 presents the raw data consisting of mecury content and the 
four test factors determined within this study for each of the individual fish 
tested. Table 12 shows the average mercury levels within each of the species 
and for the entire sample. Due to the inherent selective nature of most fish 
sampling gear, these estimates may be slightly biased due to the exclusion of 
smaller juveniles and in some cases larger adults that might normally be 
present within the population but were not effectively sampled. Most of the 
species means, however, likely represent a reasonable estimate of average 
population values. The three species of gar are the only species where much 
caution is necessary. Alligator gar and longnose gar sample numbers are
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Table 12 -- Average mercury levels within test species from Lake Charles.
SPECIES N AVERAGE Hg
Gizzard Shad 41 0.057
Redear Sunfish 24 0.174
Spotted Sunfish 14 0.204
Blue Catfish 66 0.219
Skipjack Herring 33 0.447
Spotted Gar 17 0.675
Longnose Gar 3 1.252
Alligator Gar 2 0.690
low and only larger individuals were taken. Spotted gar sample numbers are 
reasonable but the average size of these individuals is much smaller than 
would be expected. No large individuals were taken and this may have 
resulted in a lower population mean for mercury value than is actually present.
The Food and Drug Administration has set a safety level of 0.50 pg 
Hg / g in fish tissue as the hazardous level (NRC 1978) and places restrictions 
on the interstate shipment of these products. The average mercury levels found 
in the Lake Charles system was found to be 0.287 pg/g. Only the three species 
of gar were found to exceed these levels and these species are of minimal 
commercial importance within Louisiana.
The average mercury value for fish from the region is slightly elevated 
from the 0.20 pg / g given by Johnels, et al. (1967) as background or natural 
levels. This situation is similar to the levels found within the sediments of the
area and indicates that some factor, such as natural mercury levels within the 
drainage basin, low level industrial input, or atmospheric fallout is resulting in 
mercury levels that are slightly higher than average. None of these levels, 
however, should be considered dangerous to human health.
Calculation of condition factor
Carlander (1969) provides an excellent review for the calculation of 
various condition factors. The rational for development of a condition factor is to 
arrive at a measure of fish robustness or well being that is not biased or strongly 
correlated with length and weight. The general formula for the condition factor 
used in this study is given as:
CF=WeightyBody length~3
The exponential value of three is a general value since the weight of 
a fish usually increases with the cube of the body length. The form of this 
equation allows that an exact exponential value can be calculated using the log 
transformed data in the equation:
In (Weight )= b0 + b-| [In (Length)]
The value of the slope of this equation is then the value for the 
exponential power. All condition factors within this study were calculated using 
this adjusted exponent in order to provide for a less biased estimation of 
condition. Other calculations are available for condition factors but none were
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Table 13 -- Values calculated for the exponential power of body 
length for the determination of condition factor.
Species Exponent
Gizzard Shad 2.96487
Redear Sunfish 3.28209
Spotted Sunfish 3.29932
Blue Catfish 3.10263
Skipjack Herring 3.16856
Spotted Gar 2.91398
Longnose Gar 2.65307
Alligator Gar 2.40536
found to be as correlated with mercury levels as this form. Table 13 list the 
exponential values calculated for each of the species. Appendix Tables A2-A9 
present the SAS GLM outputs for these regressions.
Percent Discivore values
The values used as an estimate of trophic level within fish were 
gathered from the literature as percent fish within the average diet of the 
species. As mentioned before, these values were gathered from the literature 
since gut content analysis on netted individuals is often erroneous due the the 
digestion of food while caught in the net. Quantitative values were available for 
all of the test species except for skipjack herring. Estimates were made for this
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species using anecdotal information used in Hildebrandt (1964) and personal 
observation of the few individuals captured which contained identifiable prey 
items. Values used within this study are presented in Table 14.
The influence of individual factors on mercury accumulation 
Each of the four individual factors were tested for their correlation and 
importance in accounting for variations in mercury levels using simple linear 
regressions through the SAS GLM procedure. Table 15 lists the different 
variables, their levels of significance in correlation to mercury content and their 
associated R*square values.
Each of the individual factors has a highly significant correlation 
between itself and mercury concentration. The most strongly correlated of the 
factors are PER and BL.
The high R-Square values associate with these two factors indicate 
that they are strongly associated with some of the main factors influencing the 
accumulation of mercury through the food chain. It does not, however, imply 
any cause and effect.
Age and growth rate were calculated only for 41 individuals of blue 
catfish. Results show that both of these two factors are also highly correlated 
with mercury content even though the sample sizes were much smaller. 
Although this information was not used in any further analysis, this information 
indicates that any additional studies on the subject of mercury accumulation 
might do well to include this information on all of the species captured.
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Table 14 -  Estimates for percent piscivore for each of the test species.
Species Estimate (%) Reference
Gizzard Shad 0.00 Darnell 1964
Red-ear Sunfish 0.40 Huish 1954
Juvenile Blue Catfish 4.00 Darnell 1964
Spotted Sunfish 5.00 Levin 1980 and
Odum and Heald 1972
Adult Blue Catfish 22.00 Darnell 1964
Spotted Gar 24.00 Darnell 1964
Skipjack Herring 55.00 Hildebrandt 1964
Longnose Gar 98.00 Darnell 1964
Alligator Gar 100.00 Darnell 1964
Model developement
Interspecific differences -- An aspect of major importance in this study 
is the separation of inter- and intra- specific differences within the model. This 
then allows for the determination of whether factors are important within a 
species or whether they function to separate the species into groups. Table 16 
(a) shows the SAS sum of squares for the important factors in the regression 
using individual fish mercury levels as the dependent variable and trophic 
group as a class variable. In this case, adult and juvenile blue catfish were 
treated as different groups due to their change in feeding strategies at a point in 
their lives. This delineation allows for the maximum difference between trophic 
groups to be assumed by the class variable.
Table 15 -- Correlations between mercury levels in fishes from Lake 
Charles and various measured factors. PER = percent 
piscivore, CF = condition factor, WT = weight, BL = body 
length (measured as standard length).
FACTORS SIGNIFICANCE R-SQUARE
PER >0.0001 0.321
CF >0.0001 0.129
BL >0.0001 0.323
WT >0.0001 0.242
PER, BL >0.0001 0.395
BL, BL2. BL3 >0.0001 0.356
AGE 0.0074 0.170
GROWTH RATE 0.0104 0.157
The total corrected sums of squares (SS) in the model is 16.41. The model 
using trophic group as a class variable accounts for 8.72 model SS with an R- 
Square value of 0.532. Therefore, trophic group differences account for over 
50% of the totalvariation between data points. The remainder is accounted for 
by intraspecific differences.
Using trophic groups as a class variable effectively accounts for all of 
the variation between groups but does not evaluate any quantitative trends 
between these groups. It is therefore beneficial to the understanding of mercury 
accumulation throughout a food chain to determine which factors are important
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Table 16 -- Relevant model and factor sum of squares for regressions
performed on the fish-associated factors and mercury content. 
SP = class variable, PER = percent piscivory,BL = body length, 
WT = weight, CF = condition factor, Full Table = appendix table 
containing the full SAS GLM printout of the model.
MODEL TYPE I SS TYPE III SS R-SQUARE FULL TABLE
A) SP = AHG 8.675 8.675 0.535 A10
B) PER * SP = AHG 0.532 A11
PER 5.266 0.000
C) BL * SP = AHG 0.535 A12
BL 5.303 0.102
D) PER* BL * SP = AHG 0.535 A13
PER 5.266 0.000
BL 1.220 0.057
E) PR * BL =AHG 0.395 A14
PER 5.266 1.183
BL 1.220 1.220
F) BL * BL2 (' BL3 * SP = AHG 0.539 A15
BL 5.303
BL2 0.122
BL3 0.419
SP 2.998
G) PER * CF | (BL,BL2,BL3) *WT = AHG A16
WT 0.062
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in determining these differences. This can be accomplished by inserting a 
variable into the regression performed above to see its effects on the amount of 
sums of squares accounted for by the class variable.
Only two variables account for a major portion of the trophic group 
differences. These are percent piscivore and body length. Table 16 (b) shows 
the regression sum of squares for percent piscivore (PER) entered both first and 
last into the model. Type I sums of squares shows that PER  accounts for a large 
portion (about 5/8) of the total between group differences. As would be 
expected, the introduction of the class variable into the model first accounts for 
all of the sums of squares that could be accounted for by PER. This is expected 
since PER constitutes the class variable transformed into a quantitative estimate 
of trophic position. The lack of exact fit between the class variable and the 
quantitative PER  results in an extra sums of squares difference between trophic 
groups. The significance of this will be discussed later.
Table 16 (c) provides the sums of squares for the regression of body 
length (BL) and the class variable. As was the case with PER, BL constitutes 
approximately 5/8 of the total SS accounted for by trophic groups. BL also 
accounts for a small bit of the differences within species as exhibited by its Type 
III SS which are obtained when the variable is entered last into the regression.
Table 16 (d) provides the important regression sum of squares for the 
regression containing BL and PER  inserted into the regression with the class 
variable. The table shows that these two factors together are capable of 
accounting for over 6/8 of the total variation accounted for by the class variable. 
Table 16 (e) shows the pertinent regression sum of squares of just BL and PER 
on mercury content that the SS accounted for by these variables is partly the 
same but that they do account for significant and different portions of the total
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SS. When entered last into the model, neither is capable of assuming the same 
amount of SS as when entered first. These two variables are therefore capable 
of accounting for a majority of the trophic group differences on their own and a 
larger portion when entered together. Table 16 ( f) shows the effects of the cubic 
polynomial form of BL on SP. In this case the polynomial accounts for about 2/3 
of the class variable.
Ideally, if bioaccumulation was the sole controlling factor in mercury 
accumulation within a food chain it would be expected that trophic group 
differences would be almost completely accounted for by a quantitative trophic 
level designation. The information given above shows that in this case trophic 
level designation accounts for a majority of the trophic differences but is not 
capable of accounting for all of it. There are two possible explanations for this. 
The first is that trophic level is not the only factor effecting interspecific 
differences in mercury level. It is possible that other factors such as average 
mercury content of prey items or varying accumulation and elimination rates 
between species that are independent of trophic level could have a strong effect 
on mercury levels. The second possibility is that the quantitative estimation of 
trophic level is not accurate. Since these estimates are taken from the literature 
and often the information pertains to systems other than the upper estuarine 
system of Louisiana, it is likely that the exact trophic level designation is 
somewhat different than that used in the study. The use of percent piscivore is 
likely not an absolute estimator of trophic level and other factors such as 
percent macrocrustaceans or benthic organisms in the diet may be important. 
Fish within the same species are also likely not to consume the exact same 
proportions of fish in their diet that others do. An ideal study would have to be 
able to calculate these differences and assign each individual a separate 
trophic level designation depending on its unique diet.
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The significance of body length in trophic group differences illustrates 
the point that PER may not be an exact estimator of trophic level. Since 
organisms higher on the trophic scale tend to be of larger size than those lower 
on the scale, body length can also be considered as an estimator of trophic 
position: Since BL is capable of acounting for a portion of the class variable SS 
not accounted for by PER, it is likely that the combined effect of these two 
factors, percent piscivore and body length, is a better estimator of trophic level 
than just percent piscivore or body length alone.
The question as to which of these two factors is more important in 
accounting for the class variable SS is not answerable by the data collected.
Both leave approximately the same amount unaccounted for (3.456 for PER  and 
3.475 for BL). Since both of these factors are estimates of trophic position, 
however, it does appear that the majority of trophic group differences can be 
accounted for by quantitative estimates of trophic position. Other estimators of 
trophic level would likely account for a portion of the class variable SS although 
none of the other factors measured within this study are as useful as percent 
piscivore and body length.
Full model construction
The development of a full regression model for the determination of mercury 
levels within the fish of Lake Charles must combine factors that account for both 
inter- and intraspecific differences. Due the the correlated nature of much of the 
data collected on the fish captured for this study, it is necessary to insure that 
the factors inputed into the model do not exhibit a high degree of 
multicolinearity. Table 17 shows the Pearson’s correlation values of the four 
variables: percent piscivore (PER), weight (WT), body length (BL), and condition
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Table 17 -- Pearson's Correlation Coefficients for the factors of Percent
Piscivory (PER), Body Length (BL), Weight (WT) and Condition 
Factor (CF).
PER BL m QE
PER 1.00000 0.62940 0.57522 0.13746
BL 1.00000 0.86942 0.24893
WT 1.00000 0.57411
QE 1.00000
factor (CF). These data show that the variables of weight and body length are 
strongly correlated (Correlation Coefficient -  0.869). For this reason it would be 
advisable not to introduce these two variables into the same regression 
equation. The developement of an accurate model for the mercury within the 
food chain therefore depends on obtaining a statistically significant model using 
only three factors; PER, CF and BL or PER, CF and WT. Using the SAS GLM 
procedure, the various factors were fitted into the model in different forms 
including inverse, log, quadratic and cubic transformations. Ideally, the model 
building should result in a model with as high a R- Square value as possible 
while also being simple and interpretable. The following full model was found 
to adequately describe the data gathered through the study while also being a 
form common in statistical modeling and simple to calculate. The model is:
Y = (30 + Bi(PER) + B2(CF) + I33(PER*CF) + B4(BL) +B5(BL2)
+ R6 (b l3 ) + &7(PER*BL) + B8(p ER*BL2) + (39(PER*BL3)
+ I310(CF*BL) + B ^ C F ’ BLZ) + (312(CF*BL3)
6 1
The SAS GLM printout for this model is presented in Table 18. A 
number of the terms in the full model are not significant and can, therefore, likely 
be removed without damaging the predictability of the model. It is important to 
mention that since a cubic function has been used in the model that only Type I 
SS should be used in determining the significance of terms in the model due to 
the need of ordered placement of the terms to prevent lower order terms, such 
as the BL, from being corrected for the higher order terms, such as BL2 and
The method for determining whether reduction of the model causes a 
significant loss in its predictive ability is though a General Linear Hypothesis 
Test (GLHT). This is performed by measuring the loss in Mean Square Error 
and testing for significance using an F test. A GLHT was performed on the full 
model and a reduced model after removing the following factors: PEFTCF, 
PER*BL, PER*BL2 and PER 'BL3. Results of this are presented in Table 19.
BL3.
The reduced model is as follows:
Hg -  0O +3-|(PER) + 82(CF) + B3(BL) + B4(BL2)
+ B5(BL3) + I36(CF*BL) + B7(CF*BL2) + B8(CF*BL3)
where 30 * 7.740X10*1 
fl1 -  6.525 X 10-3 
»-4.637 X 102 
34 « 2.066 X 10*3
B5 a -1.42 X 10-5 
Be » 5.466 X 1 0 1 
B7--1 .536X  10° 
B8 -  1.109 X IQ*2
Table 18 -- SAS GLM printout for the full regression model
u  i t' ( l t d .  I Vm I* 1 h  i L  i  • A Ho
l Of SUM Of- i u O r t K t i Ml AN iCU AKt P VALUL Pk > P k-SCUAKfc t . V .
*  Jut  L 1/ 9 . U 9 1 U J I 6 9 0 . 7 5 7 9 6 5 9 7 1 9 .  J6 0 . 0 0 0 1 0 . 5 9 4 0 9 0 6 9 . 0 1 9 9
Lit KUK v e t 7 . 1 1 6 1 0 6 1 5 o . u  i v i /  j ' » o MOOT H i t AHO Ht  AN
U l K K U I U i  I c l A C 199 1 6 . 4 0 7 1 1 6 0 0 0 . 1 9 7 7 9 6 7 7 0 . * > 6 6 6 0 0 0 0
j J I K U OP l » P t  l P V A L U t PK >  P OP r v p t  i n  s s P VALUfc P K  >  P
P k 1 5 . / 6 5 6 4 / 0 6 1 1 4 . 6 0 0 . 0 0 0 1  1 0 . 0 0 5 4 6 4  76 0 . 1 4 0 . 7 0 9 0
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Table 19 -- General Linear Hypothesis Test for the evaluation of the reduced
model versus the full model.
Model Error df SSE MSE E-Value
Reduced 192 7.6992
Full 187 7.3161
Difference 4 0.3831 0.0958 2.43ns
Full 184 7.3602 0.03912
The SAS GLM printout for the reduced model is given in Table 20. 
Predicted values and 95% confidence limits for each point are given in 
appendix Table A16. Three terms within the model are not significant but have 
been retained for statistical reasons. These terms are CF, CF*BL and CF*BL3. 
The primary condition factor term has been retained due to its significant 
presence in the interaction term with BL2. The interaction term CF*BL has been 
retained do to the significance of the higher order interaction term containing 
BL2. The interaction term of CF*BL3 was retained due to the significance of the 
cubic polynomial of BL. In using Type I SS it is important to remember that the 
order of entrance into the model is important and since the cubic polynomial of 
body length is significant as a primary factor, it must be treated as a unit 
wherever it occurs with significance in any term. Therefore it is important to 
retain CF and the interaction terms in order to provide correct Type I SS values 
for the remaining significant factors. The significance of the cubic term of body
Table 20 -- SAS GLM printout for the reduced regression model.
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strongly proportional to weight. Weight was not entered into this model 
because of the high correlation between length and weight. The significance of 
this term justifies the exclusion of weight from this model. Running the model 
above with the variable WT entered last (Table 16 [g]) shows that the SS 
accountable for by weight are almost entirely assumed by the other factors 
present within the model.
The strong influence of the main effect, PER, is largely due to its 
entrance into the model first. We can also enter this factor into the model last 
since it does not appear in any higher order forms or in any interactions. In this 
case, the Type III SS shown in Table 20 indicates that a large portion of the PER 
SS is capable of being assumed by the other factors within the model while a 
smaller, but still highly significant portion of these SS are accountable only to 
PER. Percent piscivore appears to be an important factor in the determination 
of mercury levels in fish. The values obtained for PER  are arguably effective 
indicators of trophic position. They may also be effective indicators of other 
factors such as metabolic rate that are governing factors in the uptake of 
mercury within a food chain. Statistical analysis of the data collected can only 
provide information on factors that are associated with mercury accumulation. It 
is not possible to draw clear conclusions as to cause and effect with the 
analysis performed.
The appearance of a significant interaction term containing condition 
and body length indicates that the polynomial relationship between body length 
and mercury levels is not identical for all condition factor values. Using the SAS 
G3Grid and G3D procedures (SAS 1981), a response surface was formulated 
between the dependent variable and the independant variables, CF and BL. 
Only the production of a response surface containing the linear form of body 
length is necessary for evaluation of the nature of the interaction since the
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relationship between the quadratic and cubic forms will be similar except for its 
expansion across the scale. The SAS G3Grid procedure was necessary for 
determination of the response surface due to the lack of grid points containing 
data points. This lack of points was caused by the abscence of data points 
along the extreme areas of body length and condition factor. The calculated 
response surface is shown in Figure 14 and clearly illustrates the nature ol the 
change in the cubic body length function.
At the higher values for CF, the cubic nature of the body length 
polynomial is only minor with the trend in all values being to increase as body 
length increases with the larger body lengths beginning to show a leveling off in 
the uptake of mercury. At the lower values for CF, the cubic trend of body length 
is strongly accentuated. At longer lengths there is a marked downward turn in 
the levels of mercury. Taking a look at the data for mercury, condition factor and 
body length shown in the appendix Table A1, the cause for this decrease can 
be seen. Due to the fusiform nature of the three species of gar, these species 
have the lowest condition factor values of any species in the study. Most of the 
gar captured were spotted gar and these were all young gar with body length 
measurements in the area of 0.5 meters, no large individuals of this species 
were taken. The other two species of gar combined for only 5 individuals each 
of which was larger than almost any other fish in the study. Therefore, the lower 
values for CF and the higher values for BL are all associated with these five fish. 
The mercury values found within two of these five fish tended to be lower than 
for those found within the smaller spotted gar. Due to the few sample numbers, 
the response surface is highly influenced along the extreme of high BL by these 
two low values. The wide range of mercury values within all other species is 
likely to be present within the species of gar but is not evident here due to the 
paucity of data points. It is therefore probable that the due to the interative
Figure 14 -  G3Grid estimation of the
response surface for CF * BL » Hg
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procedure used with G3Grid, the highest BL values of the response surface are 
unduly influenced by the chance sampling of these two individuals. It is more 
likely that the trend of ever increasing mercury values with length continues 
even within the species of gar. Of course, the possibility exists that these values 
are representative and that some some factor effecting the lifestyles or 
metabolism of these species provides for the more rapid elimination of mercury 
from tissues as the fish reaches greater size.
Correct application of the model applies only to fishes that are taken 
from Lake Charles, Louisisana that have spent their entire lives within this 
system or within associated water masses with the same level of mercury 
contamination. The application of this model to fishes that migrate into and out 
of the upper estuarine system of Lake Charles may be inappropriate if the levels 
of mercury contamination within the waters of the Gulf of Mexico and Lake 
Charles are sufficiently different to cause a conflict with the basic assumption 
presented earlier in this paper based on Julshamn, et al. (1982) where it was 
stated that the mercury levels in fish migrating between waters of varying 
mercury levels will not be in equilibrium with the environmental levels of 
mercury. The possibility does exists that within the species studied there were 
individuals that did move between water masses in the Calcasieu system and 
therefore did not provide mercury level data that was consistant with the actual 
factors effecting mercury accumulation. This would cause an increase in the 
Error SS within the model and reduce the predictive ability of the model.
Overall, the model is very highly significant (p > 0.0001) and has an 
R-Square value that is high considering the nature of the analysis performed 
and its application to a biological unit as diverse as the entire fish associated 
food chain of Lake Charles. The model demonstrates that an effective method 
of determining the overall levels of mercury within fish can be obtained by
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understanding the life histories and feeding habits of the species involved along 
with the relatively simple calculation of condition factors for the species 
populations. This information should provide insight into the behavior of other 
biologically amplified pollutants throughout the aquatic food chains in many 
areas. The significance of the model indicates that similar models might be 
developed for other areas containing mercury pollution and could possibly be of 
use in determining possible health risks to the endemic populations.
SUMMARY
The purpose of this study was to determine the level of mercury 
contamination within the sediments and fish associated food chain of Lake 
Charles, Louisiana, an area located within the Calcasieu River system where 
significant mercury contamination has occurred in the past. Sediment levels 
were found to be slightly elevated (0.33pg Hg/g) from what is considered to be 
natural background levels (0.20 pg Hg/g) although the average level should not 
be considered as a health problem for the region.
Levels found within the fish of the region were also found to be 
slightly elevated (0.287 pg Hg/g) from natural levels (0.20 pg Hg/g) which is 
below the hazardous level designated by the Food and Drug Administration 
(0.50 pg Hg/g). The statistical analysis of the pathway of mercury through a 
food chain composed of eight different species was found to be strongly 
influenced by the factors of percent piscivore, a quantitative measure of trophic 
level, body length (measured as standard length) and condition factor,
measured as weight/body length~3. The predictive model developed for 
evaluating the mercury level in an individual fish within Lake Charles is:
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Hg = 0O +Gi(PER) + I32(CF) ♦  03(BL) ♦  04(BL2)
+ I35(BL3) + 06(CF*BL) + 07(CF*BL2) 4 0s(CF*BL3)
where G0 = 7.740 X 10*1
01 =6.525 X 10*3
02 = -4.637 X 102 
04 = 2.066 X 10*3
G5 = -1.42 X 10*5 
G6 » 5.466 X 101
07 = -1.536 X 10°
08 -  1.109 X 10*2
This model is highly predictive with a R-Square value of 0.53 and 
indicates that mercury accumulation does not follow a perfectly linear trend as it 
increases through the food chain but is highly correlated with trophic position.
This information should be valuable in the determination of the 
pathways of many biologically amplified industrial pollutants found within 
Louisiana and other areas susceptable to pollutant input.
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-  Raw data and mercruy content for the 200 test individuals
2C.2  0.00  0.02
22 .0  0.03  0.09
23.0  0 .06  0.07
22.6  0 .07  0.03
17.5 0 .06  0.05
11.9 0 .00  0.00
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ia .9  o . i i  o.io
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26 .6  0 .06  0.00
21.7  0.01  0.00
20.7  0.02  0.03
2 1 .0  0 .0 0  0 .0 0
25.2  0.06  0.05
21 .0  0 .08  0.03
31.2  0.01  0 .00
13.6  0 .16  0.10
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ia «2 0 .13  0 .10
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21.7  o .ia  0.18
20 .5  0 .10  0.16
20 .8  0 .25  0 .18
21 .9  0 .16  0.16
21.7  0 .16  0.10
21.2  0*16 0.08
21 .0  0 .10  0.17
21.7  0 .06  0.10
22 .6  0 .15  0 .16
22.0  0 .18  0.17
22.0 0.21 O.ia
20.0 0.16 O.lo
20 .0  0 .15  0.17
25.1  0.07 0.17
17.5 0 .65  0.60
16.5 0.06  0.06
15.1 0 .13  0.13
11.9 0 .36  0 .38
11.5 0 .08  0.00
11.6 0 .06  0 .13
12.1  0 .2 1  0 .1 6
10.6 0 .03  0 .10
11 .0  0 .1 1  0 .1 0
10 .2  0 .1 0  0 .1 0
11.5 0.36  0.26
30.6 0 .06  0.01
12.9 0 .13  0.12
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0.120 G. SH0.625 Hg. SU0.060 HE. SO0.130 HE. SU0.370 HE. SU0.060 RE. SU0.093 RE. SU0.185 RE. SU0.065 HE. SU0.105 HE. SU0.100 RE. SU0.300 RE. SU0.035 RE. SU0.125 RE. SU
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0 .2 3 0 .20
0 .0 9 0 .1 0
0 .2 6 0 .3 3
0 .2 6 0 .27
0 . Id 0 .2 0
0 .1 6 0 .1 3
0 .1 0 0 .21
0 .  70 0 .72
0 .22 0 .  19
0 .7 5 0 .57
0 .1 9 0 .29
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0 .2 3 0 .2 3
0 .1 9 0 .2 0
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0 .0 1 0 .0 5
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0 .2 9 0 .29
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0 .0 7 0 .0 7
0 .1 1 0 .0 9
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0 .1 6 0 .21
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0 .1 6 0 .11
0 .0 9 0 .2 0
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0 .1 5 0 .1 9
0 .3 3 0 .2 8
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0 .2 0 0 .  19
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0 .11 0 .  16
0 .2 3 0 .2 2
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0 .0 9 0 .0 6
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0. 145 dLUfc C
0.160 bLUt C
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NaT NCF
510 30 70.*2*21 26 96.33d1* 17 66.39428 35 105.32624 35 94.440*2 52 63.15*63 79 74.349113 *0 77.049198 *5 69.66035* 37 65.32*243 50 71.769364 55 73.261170 10 41.270283 50 81.655*53 60 66.957595 35 75.74*266* 44 60.7*5422 1* 6*.1*2283 SO 46.029652 05 BO.4751133 99 63.0281190 69 71.0551360 79 66.965126 02 71.755113 *0 6 3 .J9656 70 64.253*60 68 67.202283 50 63.*39333 11 67.322361 *6 60.7313*0 20 65.920*53 60 56.597*53 60 63.164361 *6 63.372*96 12 66.669609 52 66.205*7* 86 65.421297 67 65.391297 67 69.865297 67 66.123297 67 62.5172*0 97 6*.4*1269 32 65.260243 50 69.*29510 30 69.15156 70 63.168*2 52 70.218255 15 61.23935 ** 86.029326 02 69.520364 55 69.6583*0 20 6*.5273*0 20 65.920534 65 61.942
84
Table A1 — Raw data
uL huX
lb-» 30 .2  0 .1 7
X9<* 27 .9  0 .6 0
l<>5 29 .1  0 .5 0
166 2 8 .5  0.^6
16* 22 .7  0 .2 7
X«>8 26 .9  0 .11
l<>9 2 8 .5  0 .  J  7
1X0 2 8 .8  0 .31
xxx 2a.i o . i  7
XX2 29 .2  0 .8 6
1X3 2 6 .7  0 .1 9
1X6 2 9 .3  0 .3  X
XX5 28 .7  0 .16
‘ *0 X 9 .3  0 .1 6
*X7 27 .0  1 .29
XX8 26.0 1.66
XX’  X2.0 0 .11
180 8 7 . S l . j s
X81 7 2 .0  1 .33
X«* 86 .7  1 .87
183 102.2  0 .6 6
186 55 .0  0 .5 0
185 69 .2  0 .81
186 6 5 .8  0 .2 8
187 58 .8  0 .5 5
188 6 3 .0  0 .1 9
189 6 3 .6  0 .6 8
190 66 .2  1 .25
191 68 .6  0 .3 0
192 *6 .8  1 .39
193 6 9 .3  0 .8 6
196 69 .9  0 .71
195 65 .7  0 .7 6
196 6 2 .3  0 .6 0
197 68 .0  0 .7 5
198 6 6 .9  0 .7 5
199 68 .8  1.01
200 • 51 .0  0 .3 8
and mercruy content for
HG V A Hu SP
0.21 0.190 SKIPJA0.38 0.390 SKIPJA0.52 0.510 SKIPJA0.32 0.290 SKIPJA0.26 0.255 SKIPJA0. 19 0.150 SKIPJA0.62 0.395 SKIPJA0.30 0.305 SKIPJA0.26 0.255 SKIPJA0.63 0.665 SKIPJA0.20 0.195 SKIPJA0.63 0.600 SKIPJA0.09 0.115 SKIPJA0. 16 0.160 SKIPJA1.29 1.290 SKIPJA1.59 1.625 SKIPJA0.16 0.125 A. GAR1.16 1.255 A. GAK1.12 1.225 L. GAR1.77 1.820 L. GAR0.76 0.710 L. GAR0.70 0.600 S. GAR0.60 0.705 S. GAK0.32 0.300 S. GAR0.73 0.660 S. GAK0.13 0. lbO S. GAR0.71 0.795 S. GAR0.98 1.115 S. GAR0.61 0.355 s. gar1.02 1.205 S. GAR0.91 0.875 S. GAK0.90 0.805 S. GAR0.68 0.610 S. GAR0.62 0.610 S. GAR0.82 0.785 S. GAR0.68 0.615 S. GAR1.16 1.085 S • GAR0.65 0.615 S. GAR
the 200 test individuals
NfcT NCf
368.55 76.736360.20 63.83d356.37 69.537360.20 68.066186.27 63.677268.06 78.669368.55 62.dl2367.29 68.785
382.72 57.976667.77 53.225318.96 59.680375.66 66.963375.66 62.93385.05 86.528311.85 63.117226.80 60.953
3658.68 107.9165528.22 121.1821617.69 263.3163855.58 169.0323515.38 303.655999.33 166.686737.10 161.576680.60 161.2001651.38 123.108552.82 163.820526.67 158.029722.92 136.607793.80 166.611737.10 139.066850.69 160.886751.27 165.389751.27 127.063552.82 136.910737.10 150.038722.92 125.213737.10 157.665985.16 136.650
Table A2 -- SAS GLM printout for the In(WT) = In (BL) regression for gizzard shad.
Uc PL HUt N1 V Ak I AtiL t : L wT
5U0KL t OF SUM UF SUUAKLS MEAN SUUARE F VALUE PR > F R-SUUARE C . V .
HUCt L 1 9.55727992 9.55727992 937.59 0.0001 0.960065 5.9207
ERROR 39 0.39759330 0.01019392 ROOT MSE LWl MEAN
CUHKECTEU total HO 9.95901822 0.10096266 1.7052J927
SOURCE Of TYPE l SS F VALUE PR > F UF TYPE I I I  SS F VALUE PR > F
LUL 1 9.557 27992 937.59 O.OOUl 1 9.55727992 937.59 O.OOUl
PAKAMt UK ESTIMATE
T FOR HO: 
PAM AML IL R -Cl
PR > i n  STO ERROR OF
ESTIMATE
IN TEKLlPT 
LUL
-7.31911020 
2•96960819
-IS.00 
10.61
0.0001
0.0001
0.29519093 
0.09682 760
oo
Table A3 -  SAS GLM printout for the In(WT) = In (BL) regression for redear sunfish.
O t P t N L t N T  V A K l A d L t :  L R l
S U U K L L O F SUM U F  S U U A K t S M t A N  S U U A K t F V A L U t PK >  F R - S U U A R E c . v .
M U O t L 1 10.09827 dob 10.09027866 559.65 0.0001 0.955323 2 0 . 3 5 5 8
t  R MUK 22 0 . > , 0 3 3 3 1 1 0 0.02196965 ROOT MSE L w T  M t A N
C O R R t L T t u  t o t a l 1 3 10.58101086 0.15822161 0.7281 5356
S U U K C t O F T V P t  1 S S F V A L U t  PR > F OF T V P E  I I I  S S F V A L U t PR >  F
L U L I 10.09627866 559.65 0.0001 1 10.09827866 559.65 0.0001
P A K A M t I L K t s r i M A i t
T FUK H O :  
P A K A M t  T t K - 0
P K >  i n s r o  t R H U K  O F  
E S T I H A I t
1 N T t K L t P  r 
L U L
- 7.57570137
3 , 1 0 1 0 8705
-19.50
21.55
0.0001
0.0001
0.38855135 
0. 15 30868 7
oo
o\
O tP tN D tN l  V A K U d U :  Cx i
Table A4 -- SAS GLM printout for the In(WT) = In (BL) regression for spotted sunfish.
SUUKLt OF SUM UF iOUAKti MEAN iUUAKt F VALUt X V V) K-SUliARt C • V .
MLJUt L 1 2.29502571 2 m2 9 * 0 2 * 7 1 367.10 0 . 0 0 0 1 0.96 U 396 1 6 . 9 9 0 3
LKRUK 12 O.OI ‘>0 2201 0 . 0 0 t > 2 * l B i ROOT MSt Lx I Mt AN
LOKKfcCIfcU IUIAL 13 2.37009772 0.07906059 0.96537982
SUUKCc OF IVPE 1 SS F VALUt PR > F OF IVPt I I I  SS F VALUt PR > F
LUL 1 2 , 2 9 * 0 2 * 7 1 36/.10 0.0001 1 2.19502571 367.10 0 . 0 0 0 1
1 FOR HO: PR > I I I SIO ERROR OF
PAKAMt UK k ST IMA I t PAKAMt11R *0 tSIlMAIt
IHItKCtPI - l . 33230755 - I T . 99 0 . 0 0 0 1 0.90753053
LUL J.2993l5dl 19.16 O.OOUl 0 . 1 7 2 2 0 0 2 7
oo
Table A5 - SAS GLM printout lor the ln(WT) = In (BL) regression for blue catfish.
UL PL NUtfil VAMAdLL: LKt
SOORI.L OF SUM UF 80UAKLS MIAN SUUARL F VALUL PK > F H-SOUAKL r • < •
MUOLL 1 lb.<!7008d8S 1b.^ 700B88S 1371.OS 0.0001 0.96681b 3.7737
LKRUK A7 O.S<!3A6lS2 0.01113 7A8 KUU7 MSL LUI ML AN
CUHKLCILU tu r  AL 4 .8 1S.743SS037 0.1 OSS 3A76 i . 796S8066
SUUHC.L OF 7 VPL 1 SS F VALUL PK > F OF 7VPt 111 SS F VALUL PR > F
Lai 1 l S.7 7008885 1371.OS 0.0001 1 1S.2 700888S 1371.OS 0.0001
PAKAMLILK 1STIHAlt
7 FUK ho:
PAKAML 7 LR-0
PK > I7| S70 LRR0R OF
LS7IMA7L
IN7LKLLPI
Lai
-7.4|70371A 
j . 1Oibi 71A
-^7.13
37.03
0.0001
0.0001
OW897317A
0.0837919A
oo
oo
Table A6 -- SAS GLM printout for the In(WT) = In (BL) regression for skipjack herring.
U t P t N U t M  V A K I A o L t :  L « T
S U U K L t UF SUM UF SUUAKES Mt AN SUUARE F VALUE PR > F R—SUUARE C . V .
M U O t L 1 1 3.9913dlU7 13.99138187 1582.13 0.0001 0.980783 9.169b
t K K U K 31 0.2693971 J 0.00852733 ROOT MSE L K l  M E A N
C O R R E L l t U  TOTAL 32 13.75572900 0.0923A 353 2.21739939
S U U K L t DF JVPt I SS F VALUE PK > F OF TYPE 111 SS F VALUE PK > F
LUL 1 13.99138187 1582.13 O . O O O l 1 13.99138167 1582.13 0.0001
P A K A M t 1 tK ESTIMATE
T FUR HO: 
PARAMtT ER = 0
PR > I I I STO ERROR OF 
ESTIMATE
I N l t K C t P l
LuL
-d.ud970dd&
3.16855613
-31.16 
39 .7d
0.0001
0.0001
0.25962*30 
0.07 9o59d8
OO
vO
Table A7 -  SAS GLM printout for the In(WT) = In (BL) regression for spotted gar.
U t P c N U t N l  V A K I A o L t :  L to I
SUURLL Of SUM UP SUUARtS MtAN SUUAkt f VALUL PR > f K-SOUARt r 8 c •
MUUL L 1 U.97695386 0.97699386 102.99 0.0001 0.872331 2 . 9 6 3 3
t  RKUK 15 U.1929792b 0.00953195 ROOT MSt LMl Mt AN
CURRLCItO I Li 1 A L l o 1.11992312 0.09763171 3.29967512
j U U K U Of TYPt I SS f VALUL PR > f Of IYPL 111 SS f VALUL PR > f
LUL 1 0.97699386 102.99 0.0001 1 0.97699386 102.99 0 . 0 0 0 1
P A K A M t F t K LSIIHATt
T PUR HO: 
PARAHLILR-O PR  > I I I  ST0 fcKRQR OfLSIlMAIt
INItKLtPf
LUL
-  7 » 97908915 
2.91398325
-7.16
10.12
0.0001
0.0001
1.11389052
0.28783970
\0
o
Table A8 -- SAS GLM printout for the In(WT) = In (BL) regression for longnose gar.
U t P t N O t N T  V AK I A b L  t  :  L M I
S U U K C t U F SUM UF SUUARtS MtAN SUUARt F VALUt PR >  F R-SUliARt c . v .
MUULL 1 0.93231199 0.93231199 2.91 0.3692 0. 706880 9.3089
t K RQR i 0.17916*37 0.17926*37 ROOT MSL LMl MEAN
LUKKttltU f 01AL 2 0.611*7667 0.92339792 9.59831982
SUUKLt; O F irp t i  s s F  VALUt PK > F OF IVPt 111 SS F VALUt P K  >  F
L U L 1 0.93231199 2.91 0.3692 1 0.93231199 2.91 0 . 3 6 9 2
PAKAMt HR tSUMATE
7 FUR HO: 
PARAMt rtR =0
PR > in STD fcRRUR OF 
ESTIMAft
IN ItK ttP I 
Lb L
-7.27202323 
2.6*306689
-0.95
l .* 5
0.5197
0.3692
7.61**9320
1.70893329
vO
Table A9 -  SAS GLM printout for the In(WT) = In (BL) regression for alligator gar.
U t P t N U t N T  V A K l A b L t :  l « !
SUUKLt OF SUM OF SUUARtS MtAN SoUARt F VALUt PR >  F R-SgOAKfc r • <. •
HUUtL 1 0.109970*2 0.1 09970*2 • • 1 . 0 0 0 0 0 0 0.0000
t K K U K 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 ROOT MSt L m T Mt AN
L O R R L L T t U  TOTAL 1 0.109970*2 0 . 0 0 0 0 0 0 0 0 S .0JOS1 0 JO
SUUKLT OF TVPt 1 SS F VALUt PR > F OF IVPt III s s F VALUt PR >  F
L U L 1 0.109970*2 •  . 1 0.10997041 • •
P A K A M t  U K t SI IMArt
T FOR HO: 
PAKAMt TtR>0
P R  >  III STO tRHOR OF 
tS T1 MAT t
1 N I t R L t P I  
L U L
-S .90^07 955 
1.90SJSSU9
- 9 9 9 9 9 . 9 9
9 9 9 9 9 . 9 9
0 . 0 0 0 1
0 . 0 0 0 1
0
0
Table A10 -- SAS GLM printout for the regression of the class variable on mercury content.
DEPEN0EN7 VARIABLE: AHG
SOURCE OF SUM OF SUUARES MEAN SUUARE F VALUE PR > F R-SQUARk C.V.
HUOEL 7 8*67362330 1.23937676 30.78 0.0001 0.528771 70.0173
ERROR 192 7*73151670 0.06026831 ROOT MSE AHG MtAN
CORRECIEO lOTAL 199 16.60713800 0.20066966 0.28660000
SOURCE OF 7VPE I SS F VALUE PR > F OF tvpe i n  s s F VALUE PR > F
SP 7 8.67562330 30.78 0.0001 7 8.67562330 30.78 0.0001
VO
Table A11 -- SAS GLM printout for the regression of percent piscivory and the class variable
DEPENDENT V A R I A B L E :  AEG
SOITFCE DP SOB OP SQUARES BEAR SQUARE F VALUE PR > P R-SQUARE C. V.
MODEL 8 8.72135100 1.09016888 27.09 0.0001 0.531558 69 .9925
ERROF 191 7.6857B696 C.00023972 ROOT BSE AHG BEAN
CORRECTED TOTAL 199 16.00713800 0.20059801 0 .28660000
SOURCE DP TTPE I  SS P VALUE PR > P DP TTPE  I I I  SS P VALUE
Du.
A05cw
PR 1 5.26580266 130.86 0.0001 1 0.00572770 1.10 0.2878
SP 7 3.0555C83B 12.27 0.0001 7 3.05550838 12.27 0.0001
Table A12 -- SAS GLM printout for the regression of body length and the class variable.
OEPENOENT VARIABLE: AHG
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE PR > F R-SOUAKE C. V.
MODEL 8 B.77796*30 1.0972*66* 27.*7 0.0001 0.636009 09.7 3*2
ERROR 191 7.62917370 0.0399*332 ROOT MSE AHG MEAN
CORRECTED TOTAL 199 16.*0713800 0.1998682* 0.28660000
SOURCE DF TYPE 1 SS F VALUE PR > F DF TYPE H I  SS F VALUE PK > E
BL 1 5.30281816 1 32.76 D* 0001 1 0.1023*100 2.66 0.1111
SP T 3.*761*61* 12.*3 0.0001 7 3. *761*61* 12.*3 0.0001
vO
Ui
Table A13 -  SAS GLM printout for the regression of percent piscivory, body length and the class variable.
DE? ?  NT f  NT V A R I A B L E :  A 89
s c m  fct DF SI1F CF SC'HAPES F E A H SQUARE f VALUE T2 >  T P - S Q U AT E c .  V.
. 10 0  E t 9 B .  ? 7 7 9 ? C ' , 9 C.  9 7  5 2 3 0 ' ' 9 2 9 . 2 9 C . 0 0 0 1 0 . 5 3 5 0 0 9 6 9 . 9 1 7 9
e r p c * 1 9 0 7 . 6 2 9 1 6 7 2 1 C . 0 9 0 1 5 3 0 1 p o o r  f !£ E A HO .BEAN
r o i l l i f a i c  TOTAL 1 9 9 1 6 . 9 0 7 1 9 0 0 0 r . 2 0 0 3 0 3 9 1 C . 2 8 6 6 0 0 0 0
SOII3C f DF T T T E  I  SS F VAL0E PR > F DF T Y T E  I I I  S S F VALUE r s  > f
? n 1 5 . 2 6 5  3 9 2 6 6 1 2 1 . 1 9  C . 0 0 0 1 1 0 . 0 0 0 0  0 6  9 8 0 . 0 0 C . 9 9 9 9
3 L 1 1 . 2 2 0 9 6 1 0 7 3 0 . 3 7  0 . 0 0 0 1 1 0 .  C 5 6 6  1 9 7 9 • 1 . 9 1 0 . 2 3 6 5
o ? 2 . 2 9 1 6 6 6 2 6 8 . 1 5  2 . 0 0 0 1 7 2 . 2 9 1 6 6 6 2 6 e .  i s C . 0 0 0  1
vO
0\
TAble A14 -  SAS GLM printout for the regression of the cubic polynomial of body length and the class variable.
DEP F NE FN7 VAP.7APLE: A HI
so:: p c  e nr s n r  o r  son  a p e s b f a h  sonAE Z r V A L O E r s  > f e - s c u a e e C. V.
MOD EI 10 9 .89  182597 C.8S9 13295 22 .09 0 .0001 0 . 53P901 6 9 . 8 0 3 2
E H B C H 199 7.56530953 C.09002809 F O O T  E S E AiiC ME AS
CORIiFCTFE 7 C 7 A E n o 16.90713900
•
0 .20007022 C. 2 8 6 6 0 0 0 0
son ? c f DE TYTE I SS P V A I D E ri? > r DF T Y T E  7 1 I SS F V A L U E rn > f
n ^ 1 5 . 3 0 2 8 1 9 1 6 132.69 0 . 0 0 0 1 1 0 . 0 0 9 7 3 9 0 2 0. 11 C . 7926
sw;a 1 0. 12201) 385 3.C5 0 . 0 9 2 9 1 0 . C 2 2 0 7 2 3 0 0 . 5 5 0. 9 5.!7
C b L 1 0 . 9 1 8 3 5 7 0 9 10. i)7 0 . 0 0  19 1 0.03)136909 0.86 0 . . 5 5 3
S P 7 2 . 9 9 7 9 6 9 3 7 10.90 0.0001 7 2 . 9 9 7 9 6 9 3 7 10. 70 C . 0 0 0 1
'J
Table A15 -- SAS GLM printout for the regression of the reducedmodel and weight.
DEPENDENT VARIABLE: AHG
SOURCE OF SUM OF SQUARES MEAN SQUARE F VALUE PR > F R-SUliARE C.V.
MODEL 12 9.0002*2*1 0. 75002020 18.9* 0.0001 0.5*8557 6 9 .**18
ERROR 1ST 7.*0689559 0. 0)960907 ROUT MSE AHG MEAN
CORRECTED TOTAL I 99 16.*071)800 0.19902027 0.2 U660U0U
SOURCE OF TVPE I SS F VALUE PR > F OF TVPE H I  SS F VALUE PR > F
PR 1 5.2658*266 1)2.95 0.0001 1 0.0385*718 0.97 0.3252CF 1 0.01979585 0.50 0.*805 1 0.00220011 0.06 0.U1 39BL 1 1.>*690922 3*.01 0.0001 1 0.00062779 0.02 0.d999SOBL 1 0.278)0*18 7.03 0.0087 1 0.00207721 0.05 0.B191CBL 1 1.01885861 25.72 0.0001 1 0.018*3279 0.*7 0 . *9bUCF*BL I 0.01182167 0.30 0.5855 1 0.00007819 0.00 0.96*6CF*SQBL 1 0.6)52*0)0 16.0* 0.0001 1 0.00*09001 0.10 0.7*83CF*CBL 1 0.1)119198 3.31 0.070* 1 0.01755535 0 .* * 0.506*PR *BL 1 0.051005)0 1.29 0.2579 1 0.02239809 0.57 0.*530PR*SQBL 1 0.0196***5 0.50 0.*822 1 0.081*9353 2.06 0.1531PR*C8L I 0.12076120 3.05 0.082* 1 0.1237*08* 3.12 0.0788MT 1 0.10086699 2.55 0.1122 1 0.10086699 2.55 0.1122
PARAMETER ESTIMATE
7 FOR HO: 
PARAMETER-0
PR > 171 STO ERROR OF 
ESTIMATE
INTERCEPT 0.0710100* 0.13 0.8999 0.56398731PR 0.00728657 0.99 0.3252 0.00738625
CF 190.13837)22 0.2* 0.81)9 806.76175827
BL 0.0068*820 0.13 0.8999 0.05*39593
SUUL -0.0003*02* -0.23 0.8191 0.001*8572
CBL 0.0000091 0.68 0.*960 0.00001)39
CF6BL -2.98*28*6* -0 .0 * 0.96*6 67.16670052
CFPSOBL -0.*3070099 -0.32 0.7*8) 1.3*0327 79
CFACBL 0.00516606 0.67 0.506* 0.*‘ 5)0
0.00775982
FR*BL -0.000*2553 -0.75 0.00056588
PRPSOBL 0.0000198 1 .* ) 0.1531 0.00001380
PR9CBL -0.0000002 -1.77 0.0788 0.00000012
MT -0.00*05966 -1.60 0.1122 0.0025*397
VO
oc
Table A16 -- 95% confidence limits for the individual fish according to the reduced model.
UUStKVA TI ON
1
z
J
4
5
6 
7 
a 
9
10 
11 
12 
1 J 
14 
l i  
16
1 7 
18
19
20 
21 
22
2 J
24
25 
2b
27
28 
29 
JO 
J1 
J2 
JJ 
J 4 
Ji 
36 
J 7 
J 8
39
40
41
UdSERVtD
VALUE
0 .01000000  
0.07000000 
0.05500000 
0.06000000 
0.05500000 
0.00000000 
0.01000000 
0.10500000 
0.02500000 
0.10500000 
0.05500000 
0.01500000 
0.06500000 
0.05500000 
o.odooooou 
0.03000000 
0.00500000 
0.O2500UO0 
0.00000000 
0.04500000 
0.05500000 
0.00500000 
0 .12000000  
0.17500000 
0 .10000000  
0 .11 500000 
0.11500000 
0.18000000 
0.12000000  
0.21500000 
O . 16000000 
0.13000000 
0 .1 2 0 0 0 0 0 0  
0.13500000 
0.07000000 
0.15500000 
0.17500000 
0.19500000 
0.16000000 
0.16000000 
0 .12000000
PRtOlCILO
VALUL
0.11685511 
0.08316742 
0.10197907 
0.09867816 
0.113o7310 
0.16805385 
0.09750423 
0.10529572 
0.1157860/ 
0.09200817 
0.10843886 
0.10712332 
0.10511510 
0.09737824 
U.09882967 
0.10507931
0.09202805 
0.10330373 
0.09310696 
0.09597207 
0.09310696 
0.14459817 
0.14646229 
0.11286675 
0.11263995 
0.11143380 
0.10542462 
0.10121760 
0.10582874 
0.10877536 
0.10505157 
0.10428078 
0.11027019 
0.09968083 
0.08896487 
0.09780530 
0.09503858 
0.09503858 
0.09809985 
0.10170181 
0.11081147
RES fc DUAL
-0 . 101> 8 5511 
-0 .01316/42  
-0.046*9 7907 
-0.03B67816 
-0 .0 5  86 7310 
-O . 16 805385 
-0.01*750423 
-0.00029572 
-0.0*9078607 
0.01299183 
-0.05343886 
-0.09212332 
-0.04011510 
-0.04237824 
—0 .Ol8829o7 
—0.07407931
-0.08702805 
-0.07830373 
-0.09310696 
-0.05097207 
-0.03810696 
- 0 .  13959817 
-0.02646229 
0.06213325 
-0.01263995 
0.00356620 
0.00957538 
0.07878240 
0.01417126 
0.10622464 
0.05494843 
0.02571922 
0.00972981 
0.03531917 
-0.01896487 
0.05719470 
0.07996142 
0.09996142 
0.06190015 
0.05829819 
0.00918853
LLIUER 95X CL 
FOR MEAN
0.02896610
0.03646011
0.03233647
0.03639236
0.06221894
0.04753702
0.03721200
0.05448685
0.02389313
0.04479031
0.03919649
0.03993500
0.03036481
0.04318307
0.03517469
0.02936344
0.04261474 
0.04171805 
0.04527382 
0.03847797 
0.04527382 
0.04372468 
0.09543381 
0.06922991 
0.07074196 
0.05603508 
0.03896300 
0.03800710 
0.04060193 
0.03518842 
0.03328376 
0.03503288 
0.03079087 
0.04283122 
0.04200263 
0.03751851 
0.04091363 
0.04091363 
0.04972841 
0.04793221 
0.02362962
U P P E R  9 5 3  C L  
F O R  H EA N
0.20474413
0.12987472
0.17162167
0.16096396
0.16512727
0 . 2 8 8 5 7 0 6 9
0.15779646
0.15610458
0.20767901
0.13922604
0.17768123
0.17431163
0.17986538
0.15157341
0.16248464
0.18079518
0.14144136
0.16488940
0.14094011
0.15346618
0.14094011
0.24547166
0.19749078
0.15650359
0.15453795
0.16683252
0.17188623
0.16442810
0.17105555
0.18236229
0.17681938
0.17352869
0.18974951
0.15653045
0.13592711
0.15809209
0.14916354
0.14916354
0.14647129
0.15547141
0.19799333
vO
VO
Table A16 -* 95% confidence limits for the individual fish according to the reduced model.
UOitk VAIluN
42 
4 3
44
45
46
47
48
49
50 
*>1
52
53
54
55 
5b 
57 
50 
59 
bO 
b ( 
62 
bi 
b4 
65 
bb 
b?
bd
69
70
71
72 
l i  
79 
75 
7b
77
78
79
80 
81 
d 2 
83 
05
UbStHVtO
VALUE
0.52500000 
O.05000000 
0.13000000 
0.37000000 
0.09000000 
0.09500000 
0.18500000 
0.06500000 
0.10 500000 
0.10000000 
0.30000000 
0.03500000 
O. I <>500000 
0.04500000 
0.11500000 
0.09500000 
0.30500000 
0.16000000 
0.19000000 
0.15500000 
0.15500000 
0.71000000 
0.18000000 
O.bbOOOOOO 
0.11500000 
0.11000000
0.23000000 
0.19500000 
0.31000000 
0.35500000 
0.03000000 
0.19000000 
O.IbOOOOOO 
0.31500000 
0.27000000 
0.20500000 
0.11000000 
0.19500000 
0.11500000 
0.29000000 
0.19000000 
0.27000000 
0.07000000
PREUlCItO
VALUE
0.09596191 
0.11491325 
0.12820763 
0.17420456 
0.18347129 
0.18236426 
0.17128097 
0.19926947 
0.18933590 
0.20206546 
0.18050414 
0.20225549 
0.15734134 
0.19171626 
0.21625697 
0.17320091 
0.20517520 
0.21115172 
0.20077388 
0.12344285 
0.11304909 
0.12993158 
0.10397411 
0.11015268 
0.20729233 
0.24067430
0.27159468 
0.22546932 
0.22801583 
0.18489277 
0.21926149 
0.22956103 
0.23549804 
0.18489277 
0.21214164 
0.22130681 
0.23729377 
0.21733556 
0.22564659 
0.22969752 
0.24311078 
0.25833550 
0.31328450
HLS1DUAL
0.32953859 
-0.07491325 
0.00179237 
0. 19579544 
-0.14347129 
-0.08736426 
0.01371903 
-0.13426947 
-0.08433590 
-0.10206546 
0.11949586 
-0.16725549 
-0.03234134 
-0.14671626 
-0.00125697 
-0.07028091 
0.09982480 
0.04884828 
-0.01077308 
0.03155715 
0.04195091 
0.58006842 
0.07602509 
0.54184732 
0.00770767 
-0.13067430
-0.04159468 
-0.03046932 
0.0919d417 
0.17010723 
-0.18926149 
-0.08956103 
-0.07549804 
0.13010723 
0.0578503b 
-0.01630601 
-O .12729377 
-0.02233556 
-0.11064659 
0.01030248 
-0.05311078 
0.01166450 
-0.24328450
LUNtR 95t CL 
FUR MEAN
0.03944288 
0.07506704 
0.08639878 
0.11879980 
0.10655550 
0.09040216 
0.10200137 
0.13482326 
0.12887032 
0.12833508 
0. 12363556 
0.13818047 
0. 10633661 
0.11393431 
0.14418002 
0.10214923 
0.13311318 
0.14352848 
0.11014293 
0.07597673 
0.07138131 
0.08815726 
0.06293640 
0.07806958 
0.11bl7917 
0.13909543
0.15942763 
0.15037814 
0.10755357 
0. 12420695 
0.15809887 
0.14314005 
0.15884104 
0.12428695 
0.12515979 
0. 12781629 
0.16676753 
0.13335699 
0.17613122 
0.19145262 
0.19207038 
0.19383656 
0.26790441
UPPER 951 CL 
FOR MtAN
0.15147995
0.15475946
0.17001647
0.22960931
0.26038667
0.27432636
0.23968057
0.26371568
0.24979349
0.27579504
0.23737272
0.26633051
0.20834608
0.26949821
0.20833391
0.24441259
0.27723723
0.27877495
0.29140482
0.17090097
0.15471687
0.17170591
0.14501183
0.15823578
0.29840549
0.34144918
0.38376173
0.29256051
0.34847809
0.24549859
0.27962412
0.31598122
0.31215504
0.24549059
0.29912348
0.31479733
0.30782001
0.30131413
0.27516197
0.26794243
0.29415118
0.32283444
0.35866459 100
T ab le  A16 -- 95%  confidence limits lor the individual fish according to the reduced model.
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0.**000000 
0.*9300000 
0.19000000 
0.*3300000 
0.31300000 
0.31300000 
0.31300000 o.**oooooo 
0***000000 
0.13000000 
0.60300000 
0.*6000000 
0.38300000 
0.63300000 
0.61300000 
0.30000000 
0.13000000 
0.63000000 
0.68300000 
0.63300000 
0.16000000 
0.*1000000 
0.13300000 
0.13300000 
O .*1300000 
0.30300000 
0.18300000 
0.13300000 
0.66300000 
0.**000000 
0.19000000 
0.39000000 
0.31000000 
0.*9000000 
0«*3300000 
0.13000000 
0.39300000
0.103*8*08  
0.13630139 
O. *6*6*131 
0 . * * l 13931 
0.*3130913 
0.*3*06*93  
0.*3*13831 
0«*69*0613 
0.23339899 
0.233*8139 
0.2110193* 
0. 30016206 
0.266*0116 
0.6306366* 
0.63*6*310 
0.63088301 
0.6*98812* 
0.62191661 
0.6*316130 
0.6*9*1196 
0.68938316 
0.61*31366 
0.68660*80 
0.6**01131 
0.68061161 
0.63819136 
0.6*96*311 
0**3816066 
0.6396*631 
0.683636*0 
0.63313996 
0.63833*82 
0.6*383281 
0.6611201* 
0.619*1383 
0.62*91068 
0.66363186
0.11*3139* 
0.138698*1 
-0 .01***131  
0.03386069 
0.16369081 
0.16093303 
0.1*286163 
-0.0*9*0613  
-0.03339899 
-0.103*8139  
0.133900*8 
-0 .0*016*06  
0.1*019*86 
0.00636338 
0.18233630 
0.06911*99 
0.32011216 
0.20809399 
0.299*9*10  
0.0*91*006  
-0.3693831* 
-0.20231366 
-0.36960280 
0.3309*869 
-0.203*1161  
-0.13319196 
-0 .2***6911  
0.316*999* 
0.2*3319*3  
-0.2*369*20  
-0.2*919996  
-0.0683328* 
0.0**16113  
-0.1911201* 
-0.16**1983  
-0.21*91060  
-0.0*863186
0.09368*09 
0.01969898 
0.21312661 
0.18111390 
0.1868691* 
0.19909*1* 
0.189119*9 
0.2098*996 
0.21368808 
0.19639989 
0.22669639 
0.29339892 
0.21891833 
0.3*93*810  
0.3*168391 
0.3*911801 
0.3*361669 
0.39691039 
0.3996609* 
0.3*616016 
0.6*636183 
0.36**0199  
0.3*31*99* 
0.39931991 
0.393**631 
0.31603301 
0.3869*011 
0.11601290 
0.31901091 
0.61981321 
0.38281199 
0.31366626 
0.38116118 
0.31691183 
0.36101006 
0.39811263 
0.3189613*
0.191*8601 
0.19690*60 
0.3091180* 
0.26096912 
0.21916896 
0.21306110 
0.21916110 
0.2889*633 
0.29110991 
0.2161*333  
0.3119**03  
0.36808919 
0.30963999 
0.69996916 
0.69166368 
0.69*0611* 
0.69*19982  
0.6893186* 
0.69189606 
0.696*0319  
0.996*0*90  
0.98*96321  
0.609*39*9  
0.6922*311 
0.60801031 
0.90399002 
0.91632026 
0.90366191 
0.30611183 
0.96169920 
0.92190193 
0.90320139 
0.91093299 
0.909668*2 
0.6918*163 
0.69166812 
0.90839631
102
Table A16 -- 95% confidence limits for the individual fish according to the reduced model.
1 70
in
1 7 2 
1 7 J 
l 7*1 
l 75 
1 7 c  
1 7 7  
1 7a  
1 79 
1U0
l a i  
ia2 
ld3 
189 
las 
l  a t
187
188
189
190
191 
19,! 
i 9 J
199
195
196
197
198 
l 99
200
0.30500000 
0.25500000 
0.99500000 
0. 19500000 
0.90000000 
0.11500000 
0.16000000 
1.29000000 
1.62500000 
0.12500000 
1.25500000 
1.22500000 
1 .82000000 
0.71000000 
0.60000000 
O.70500000 
0.30000000 
0.69000000 
0.16000000 
0.79500000 
1.11500000 
0.35500000 
1.20500000 
0.87500000 
0.80500000 
0.61000000 
0.91000000 
0.78500000 
O.ol500000 
1.08500000 
0.91500000
0.99391822 0.99322997 
0.95598507 
0.93279929 
0.99883789 
0.99528890 
0.92277010 
0.93299908 
0.92179011 
0.13106208 
1.30921730 
1.37332030 
1.32765051 
0.90778589 
0.73919110 
0.60969098 
0.52883317 
0.78903599 
0.97055390 
0.98599131 
0.53587016 
0.59092073 
0.59953978 
0.60909012 
0.62c565l7 
0.52223573 
0.95515d21 
0.57929987 
0.50518987 
0.59999867 
0.63799558
-0.13891822 
-0.18822997 
-0.01098507 
-0.23779929 
-0.09883789 
- 0 .3302d890 
-0.26277010 
0.85750592 
1.20320989 
-0.00c06208 
-0.06921730 
-0.19832030 
0.99239999 
-0.19778589 
-0.13919110 
0.09535902 
-0.22883317 
-0.19903599 
-0.31055390 
0.30950869 
0.57912989 
-0.23592073 
0.65596522 
0.27090988 
0.17893983 
0.08776927 
-0.09515821 
0.20575013 
0.10981013 
0.98555133 
-0.22299558
0.37883290 
0.37698122 
0.38586611 
0.36559951 
0.38953796 
0.38070376 
0.33881918 
0.36689933 
0.35118 708 
-0.26338887 
0.90969896 
1.15779377 
1.13803758 
0.53676237 
0.63367577 
0.52895989 
0.96171093 
0.66053915 
0.91021012 
0.91966931 
0.96792078 
0.51313909 
0.97929066 
0.52921129 
0.59293891 
0.95621939 
0.39812929 
0.50367589 
0.99190369 
0.52015130 
0.55028362
0.50800903 
0.50997772 
0.52510203 
0.99999908 
0.51313821 
0.50987309 
0.50672602 
0.99813889 
0.99239319 
0.52551303 
1.69878563 
1.58889682 
1.51726399 
1.27880991 
0.89960699 
0.69082212 
0.59595591 
0.90753279 
0.53089767 
0.55131831 
0.60381959 
0.66770291 
0.61977890 
0.68396900 
0.71069193 
0.58825212 
0.51218719 
0.65982391 
0.56897606 
0.67879609 
0.72970759
VITA
Jeffrey W. Tingle was bom in Atlanta, Georgia on September 19,
1961. He is the son of James M. and Jeanetta S. Tingle of Walton, Kentucky.
He attended Thomas More College from August, 1979 until May, 1983. He 
received his B.A. in biology and an A.A. in psychology. Jeffrey enrolled in the 
Department of Marine Sciences at Louisiana State University in August, 1983 to 
pursue a graduate degree as a Master of Science. He was awarded a 
Louisiana State University Alumni Federation Fellowship and a Rockefellar 
Fellowship to assist in his pursuit of a postgraduate degree.
104
M A S T E R ’S E X A M IN A T IO N  A N D  TH ESIS  R E P O R T
Candidate: Jeffrey W. Tingle
Major Field: Marine Sciences
Title of Thesis: AN ANALYSIS OF MERCURY ACCUMULATION WITHIN
THE UPPER ESTUARINE FOOD CHAIN OF LAKE CHARLES, 
LOUISIANA
Approved:
EXAMINING COMMITTEE:
Date of Examination:
November 1 8 , 1985
